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THE DISPERSION AND ACTIVITY OF THE TERRESTRIAL GASTROPOD, 
ALLOGONA PTYCHOPHORA (A.  D. BROWN), IN RELATION 
TO ITS MICRO-HABITAT
INTRODUCTION
I n  v i ew  o f  t h e  i m p o r t a n t  r o l e s  a s  t r a n s f o r m e r s  and 
h e r b i v o r e s  w h i c h  t e r r e s t r i a l  g a s t r o p o d s  p l a y  i n  t h e  e c o s y s ­
t e m ,  c o m p r e h e n s i v e  s t u d i e s  o f  t h e i r  r e l a t i o n s h i p s  t o  t h e i r  
e n v i r o n m e n t  a r e  d e s i r a b l e .  S e v e r a l  s t u d i e s  on t h e  e c o l o g y  
o f  t e r r e s t r i a l  g a s t r o p o d s  have  b e e n  d o n e ,  b u t  few o f  t h e s e  
i n c l u d e  much q u a n t i t a t i v e  d e t a i l .  Even f e w e r  hav e  encom­
p a s s e d  more t h a n  one o r  two a s p e c t s  o f  t h e  a n i m a l e s  e n v i ­
r o n m e n t .  B l i n n  ( 1 9 6 3 )  c h a r a c t e r i z e d  t h e  d i e l  and  s e a s o n a l  
a c t i v i t y  o f  Mesodon t h y r o i d u s  and A l l o g o n a  p r o f u n d a . A l ­
t h o u g h  he  f o u n d  e v i d e n c e  t o  s u p p o r t  t h e  o b s e r v a t i o n s  made 
by  E d e l s t a m  and  P a l m e r  ( 1 9 5 0 )  o f  a l a t e  summer homing  t o
t h e  a r e a  o c c u p i e d  f o r  w i n t e r  h i b e r n a t i o n ,  he  c o n c l u d e d  t h a t  
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t h e  50 m e t e r  q u a d r a t  wh ich  he u s e d  was t o o  s m a l l  f o r  an 
a d e q u a t e  s t u d y  o f  t h i s  phenomenon .  He a l s o  o b s e r v e d  t h a t  
w i n t e r  m o r t a l i t y  was a p p a r e n t l y  i n s i g n i f i c a n t .  S t r a n d i n e  
( 1 9 4 4 )  c a r r i e d  o u t  a s t u d y  o f  s e l e c t e d  q u a d r a t s  and a n a l y z e d  
t h e s e  f o r  s o i l  m o i s t u r e ,  pH, and p e r  c e n t  o r g a n i c  m a t t e r .
He f o u n d  S u c c i n e a  o v a l i s  on m o i s t  s o i l ,  t h o u g h  n o t  whe re  
e x c e s s i v e  m o i s t u r e  was p r e s e n t ,  and n o t e d  t h a t  i t  was  mos t  
a b u n d a n t  i n  r e g i o n s  o f  h i g h  pH. G a r r i c k  (194 1 )  f o u n d  
A g r i o l i m a x  a g r e s t i s  i n h a b i t i n g  s o i l s  o f  a wide  r a n g e  o f  pH
2
b u t  w i t h  p o p u l a t i o n s  d i s t i n c t l y  more  d e n s e  i n  r e g i o n s  w i t h  a 
h i g h  s o i l  m o i s t u r e  h o l d i n g  c a p a c i t y .
C h a m b e r l i n  ( 1 8 9 7 )  r ecommended  t h e  me thod  o f  m u l t i p l e  
w o r k i n g  h y p o t h e s e s  a s  t h e  mo s t  d e s i r a b l e  p h i l o s o p h y  f o r  
s c i e n t i f i c  i n v e s t i g a t i o n s .  I n  t h e  p r e s e n t  s t u d y  t h i s  p h i ­
l o s o p h y  i s  p a r t i c u l a r l y  a p p l i c a b l e ;
I n  d e v e l o p i n g  t h e  m u l t i p l e  h y p o t h e s e s ,  t h e  e f f o r t  
i s  t o  b r i n g  up  i n t o  v i ew  e v e r y  r a t i o n a l  e x p l a n a t i o n  
o f  t h e  phenomenon i n  hand  and  t o  d e v e l o p  e v e r y  t e n ­
a b l e  h y p o t h e s i s  r e l a t i v e  t o  i t s  n a t u r e ,  c a u s e  o r  
o r i g i n ,  and  t o  g i v e  t o  a l l  o f  t h e s e  a s  i m p a r t i a l l y  as  
p o s s i b l e  a w o r k i n g  fo rm  and a due p l a c e  i n  t h e  i n v e s ­
t i g a t i o n  .
One o f  t h e  s u p e r i o r i t i e s  o f  m u l t i p l e  h y p o t h e s e s  
a s  a w o r k i n g  mode l i e s  j u s t  h e r e .  I n  f o l l o w i n g  a 
s i n g l e  h y p o t h e s i s  t h e  mind  i s  b i a s e d  by  t h e  p r e s um p­
t i o n s  o f  i t s  m e th od  t o w a r d  a s i n g l e  e x p l a n a t o r y  c o n ­
c e p t i o n .  But  an a d e q u a t e  e x p l a n a t i o n  o f t e n  i n v o l v e s  
t h e  c o o r d i n a t i o n  o f  s e v e r a l  c a u s e s .  T h i s  i s  e s p e ­
c i a l l y  t r u e  when t h e  r e s e a r c h  d e a l s  w i t h  a c l a s s  o f  
c o m p l i c a t e d  phenomena  n a t u r a l l y  a s s o c i a t e d ,  b u t  n o t  
n e c e s s a r i l y  o f  t h e  same o r i g i n  and n a t u r e . ( empha­
s i s  m ine )
T h i s  i s  t h e  me thod  t h a t  I  have  a t t e m p t e d  t o  u t i l i z e  t o  an swer  
t h e  q u e s t i o n :  What f a c t o r s  a r e  r e s p o n s i b l e  f o r  t h e  s p a t i a l
d i s t r i b u t i o n  and  t e m p o r a l  s e q u e n c e  o f  a c t i v i t y  s t a t e s  i n  t h e  
t e r r e s t r i a l  g a s t r o p o d ,  A l l o g o n a  p t y c h o p h o r a ?
T h i s  s p e c i e s  ( f a m i l y ,  P o l y g y r i d a e )  i s  a common l a n d  
s n a i l  o f  r i p a r i a n  w o o d l a n d s  i n  B r i t i s h  Co l umb ia  and Montana  
w e s t  o f  t h e  c o n t i n e n t a l  d i v i d e ,  t h e  n o r t h w e s t  h a l f  o f  I d a h o ,  
W a s h i n g t o n  e a s t  o f  t h e  C o l u m b i a  R i v e r ,  and n o r t h w e s t e r n  Ore ­
gon ( P i l s b r y ,  1 9 3 9 ) .  The s t u d y  a r e a  was a t y p i c a l  r i p a r i a n  
w o o d l a n d  i n  a r a t h e r  u n f r e q u e n t e d  a r e a  i n  Greenough  P a r k ,  
M i s s o u l a ,  M o n t a n a .
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MATERIALS AND METHODS
P r e l i m i n a r y  o b s e r v a t i o n s  we re  made d u r i n g  t h e  summer 
and f a l l  o f  1965 i n  t h e  s t u d y  a r e a .  A c t u a l  s a m p l i n g  was p e r ­
f o r m e d  b e t w e e n  23 March and 12 J u l y ,  196 6 .  A c o l o n y  o f  A. 
p t y c h o p h o r a  was m a i n t a i n e d  i n  t h e  l a b o r a t o r y  d u r i n g  t h e  e n ­
t i r e  s t u d y  and t h e s e  a n i m a l s  we re  u s e d  f o r  t h e  l a b o r a t o r y  
s t u d i e s .  O b s e r v a t i o n s  we re  made o f  r e p r o d u c t i v e  a c t i v i t y .  
A n i m a l s  wh i ch  w e re  o b s e r v e d  i n  c o p u l a t i o n  we re  i s o l a t e d  when 
t h e  a c t  was  c o m p l e t e  and o b s e r v a t i o n s  we r e  made o f  c l u t c h  
s i z e ,  g e s t a t i o n  p e r i o d ,  number  o f  y ou ng  h a t c h e d ,  and g r o w t h  
r a t e  o f  t h e  j u v e n i l e s .
F i e l d  S t u d i e s
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S a m p l i n g  p r o c e d u r e ; -R an d om ly  s e l e c t e d  1 m e t e r  q u a d ­
r a t s  w e r e  s e a r c h e d  f o r  s n a i l s .  Q u a d r a t s  we re  s e l e c t e d  by
p r o j e c t i n g  a g r i d  on a map o f  t h e  s t u d y  a r e a  and s e l e c t i n g
2
an a r e a  25 f e e t  by  c o n s u l t a t i o n  o f  a t a b l e  o f  r andom num­
b e r s .  When t h i s  l a r g e  a r e a  was l o c a t e d  i n  t h e  f i e l d ,  a
2
s m a l l  a r e a  o f  1 m e t e r  was c e n s u s e d  i n  t h e  c e n t e r  o f  i t .  
O c c a s i o n a l l y  t h e  r e g i o n  i n  t h e  c e n t e r  was n o t  s u i t a b l e  f o r  
s e a r c h i n g ,  b e c a u s e  o f  v e r y  d e n s e  u n d e r b r u s h ,  d e a d f a l l s ,  o r  
a s t r e a m .  I n  t h e s e  i n s t a n c e s  I  s u b j e c t i v e l y  s e l e c t e d  an 
a r e a  w i t h i n  t h e  l a r g e  a r e a  wh ich  c o u l d  be s t u d i e d  m e a n i n g ­
f u l l y .  T h i s  o c c u r r e d  a p p r o x i m a t e l y  3 t i m e s .  The s t u d y  
a r e a  and  l o c a t i o n s  o f  t h e  numbered  p l o t s  i s  shown i n  f i g .  1 .
A l l  l i v i n g  ^ . p t y c h o p h o r a  we re  c o l l e c t e d ,  n o t e  was 
made o f  t h e i r  s t a t e  o f  a c t i v i t y ,  and t h e y  we re  r e t u r n e d  t o  
t h e  l a b o r a t o r y  t o  be  m a r k e d ,  w e i g h e d ,  and  m e a s u r e d .  Empty 
s h e l l s  we r e  c o u n t e d  a s  a d u l t  o r  im m a tu re  b u t  we re  n o t  m e a s ­
u r e d  .
The c o l l e c t e d  s n a i l s  we re  w e i g h e d  t o  t h e  n e a r e s t  
m i l l i g r a m  on a M e t t l e r  B a l a n c e .  M e a s u r e m e n t s  we re  made w i t h  
c a l i p e r s  o f  t h e  g r e a t e s t  d i a m e t e r  and h e i g h t  t o  t h e  n e a r e s t  
0 . 1  mm. A number  was p l a c e d  on t h e  s h e l l  o f  e ach  a d u l t  and 
l a r g e  i m m a tu r e  s n a i l  w i t h  a l a t e x  T e c h - p e n .  The p r e s s u r e  
r e q u i r e d  f o r  a p p l i c a t i o n  o f  l a t e x  was g r e a t  enough  t o  damage 
t h e  s h e l l  o f  s m a l l  s n a i l s  so  t h a t  E t e r n a l  i n k  was u s e d  
r a t h e r  t h a n  t h e  l a t e x  f o r  s m a l l  i m m a tu r e  a n i m a l s .  T h i s  was
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c o a t e d  w i t h  c l e a r  n a i l  l a c q u e r  t o  e n s u r e  p e r m a n e n c e .  S n a i l s  
we re  c o n s i d e r e d  a d u l t  i f  t h e  l i p  o f  t h e  a p e r t u r e  was r e ­
f l e c t e d  and  im m a tu re  i f  i t  was n o t .  A f t e r  t h e  l i p  becomes  
r e f l e c t e d  i n  a d u l t  a n i m a l s  t h e r e  i s  no f u r t h e r  i n c r e a s e  i n  
d i a m e t e r .  A l l  a n i m a l s  we re  r e t u r n e d  t o  t h e  p o i n t  o f  t h e i r  
c a p t u r e  w i t h i n  one w e e k ,  u s u a l l y  s o o n e r .
T e m p e r a t u r e  t - M e a s u r e m e n t s  we re  made w i t h  a 1 0 0 , 0 0 0  
ohm t h e r m i s t e r  p r o b e  and  W h e a t s t o n e  b r i d g e .  The f o l l o w i n g  
f i v e  m e a s u r e m e n t s  we re  t a k e n  a t  e a c h  c o l l e c t i o n  s i t e :  1)
a i r  t e m p e r a t u r e  40 cm above  t h e  l i t t e r  s u r f a c e ,  2)  a i r  t em­
p e r a t u r e  10 cm above  t h e  l i t t e r  s u r f a c e ,  3 )  t e m p e r a t u r e  o f  
t h e  s u r f a c e  o f  t h e  l i t t e r ,  4)  t e m p e r a t u r e  i n  t h e  s p a c e  b e ­
t w e e n  t h e  u n i n c o r p o r a t e d  l i t t e r  and  t h e  humus l a y e r ,  and  5) 
t h e  s o i l  t e m p e r a t u r e  2 cm d e e p  i n t o  t h e  s o i l  o r  humus ,  
w h i c h e v e r  was p r e s e n t  a t  t h i s  d e p t h .  A l l  m e a s u r e m e n t s  we re  
made i n  t h e  s h a d e .
R e l a t i v e  h u m i d i t y ; - T h i s  was m e a s u r e d  i n  t h e  r e g i o n  
10 -1 5  cm above  t h e  l i t t e r  s u r f a c e .  T h i s  m e a s u r e m e n t  was 
made w i t h  a B e n d i x  Model  566 b a t t e r y  powered  b l o w e r  p s y -  
c h r o m e t e r .  H u m i d i t y  m e a s u r e m e n t s  n e a r e r  t h e  l i t t e r  s u r f a c e  
and  s u b - l i t t e r  s p a c e  wou ld  h av e  b e e n  more d e s i r a b l e ,  b u t  no 
s u i t a b l e  i n s t r u m e n t  was a v a i l a b l e .
S o i l  and  l i t t e r  m o i s t u r e  : - S a m p l e s  o f  s o i l  and  l i t t e r  
we r e  c o l l e c t e d  s e p a r a t e l y  w i t h  a spoon  and p l a c e d  i n  an a i r ­
t i g h t  can  o r  p o l y e t h y l e n e  b a g .  A l l  l i t t e r  c o v e r i n g  an a r e a  
a p p r o x i m a t e l y  10 cm s q u a r e  was  c o l l e c t e d .  The s o i l  c o l l e c t e d
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i n c l u d e d  t h a t  f r o m  t h e  s u r f a c e  t o  a d e p t h  o f  a b o u t  2 cm. I n  
t h e  l a b o r a t o r y  d e t e r m i n a t i o n s  o f  m o i s t u r e  a s  a p e r c e n t a g e  o f  
t h e  d r y  w e i g h t  we re  made .  The s a m p l e s  we re  d r i e d  a t  a t em­
p e r a t u r e  o f  a p p r o x i m a t e l y  70*C t o  a c o n s t a n t  w e i g h t .
S o i l  r e a c t i o n  ( p H ) ; - T h i s  was m e a s u r e d  w i t h  an H e l i g e  
s o i l  r e a c t i o n  k i t .
L i t t e r  d e p t h : - T h i s  was d e t e r m i n e d  by  t a k i n g  a s e r i e s  
o f  m e a s u r e m e n t s  w i t h  a s c a l e  and e s t i m a t i n g  t h e  a v e r a g e  
d e p t h  b a s e d  on t h e  a r e a s  c o v e r e d .
A l l  o t h e r  f a c t o r s  ( d o m i n a n t  v e g e t a t i o n  and  m a c r o -  
e n v i r o n m e n t a l  c o v e r )  we re  r e c o r d e d  q u a l i t a t i v e l y  a t  t h e  t i m e  
o f  e a c h  c e n s u s .
L a b o r a t o r y  S t u d i e s
T e m p e r a t u r e  p r e f e r e n c e ; - S i n c e  i n  p r e l i m i n a r y  o b s e r ­
v a t i o n s  t h e  d i s p e r s i o n  and a c t i v i t y  d i s p l a y e d  by  A. p t y c h o ­
p h o r a  a p p e a r e d  t o  be  r e l a t e d  i n  some way t o  t e m p e r a t u r e  a s  
w e l l  a s  s e v e r a l  o t h e r  p a r a m e t e r s ,  i t  seemed d e s i r a b l e  t o  
a t t e m p t  t o  c o n t r o l  e x p e r i m e n t a l l y  a l l  e n v i r o n m e n t a l  v a r i ­
a b l e s  e x c e p t  t e m p e r a t u r e .
The s n a i l s ,  a l l  a d u l t s ,  we re  m a i n t a i n e d  u n d e r  l a b ­
o r a t o r y  c o n d i t i o n s  o f  c o n s t a n t  d a y l i g h t  and t e m p e r a t u r e  
( a p p r o x .  20®C) f r om  t h e  t i m e  o f  t h e i r  c o l l e c t i o n  i n  Gre enough  
P a r k  i n  t h e  f a l l  o f  1965 u n t i l  t h e s e  t r i a l s  were  made i n  t h e  
s p r i n g  and  summer o f  1 9 6 6 .
A d e v i c e  f o r  t h e  p r o d u c t i o n  and  m a i n t e n a n c e  o f  a 
g r a d e d  s e r i e s  o f  t e m p e r a t u r e s  was c o n s t r u c t e d .  I t  was
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s i m i l a r  t o  t h a t  d e s c r i b e d  by D a i n t o n  ( 1 9 5 4 )  e x c e p t  t h a t  a 
h e a t i n g  c o i l  c o n t r o l l e d  by  a v a r i a b l e  t r a n s f o r m e r  and  a r e ­
f r i g e r a t o r  c o o l i n g  c o i l  and t h e r m o s t a t  we re  u s e d  r a t h e r  t h a n  
w a t e r  f o r  p r o d u c t i o n  o f  a more  s t a b l e  g r a d i e n t .  The a n i m a l  
chambe r  i t s e l f  c o n s i s t e d  o f  a t r o u g h  made o f  g a l v a n i z e d  
s h e e t  s t e e l .  A f a l s e  f l o o r  made o f  h a r d w a r e  c l o t h  was 
p l a c e d  i  i n c h  f rom t h e  b o t t o m .  The s p a c e  b e l o w  t h i s  f a l s e  
f l o o r  was k e p t  f i l l e d  t o  an a p p r o x i m a t e  d e p t h  o f  h i n c h  w i t h  
t a p  w a t e r .  T h u s ,  t h e  a i r  i n  t h e  cham be r  was k e p t  n e a r l y  
s a t u r a t e d  ( r e l a t i v e  h u m i d i t y ,  9 5 - 1 0 0 # ) .
The g r a d i e n t  t e m p e r a t u r e s  r a n g e d  f r o m  8®C t o  30*C,  
and  t h e  g r a d i e n t  was  s t e e p e s t  i n  t h e  two t e r m i n a l  s e g m e n t s  
( f i g .  2 ) .  T e m p e r a t u r e s  a t  e ach  t h e r m o m e t e r  v a r i e d  l e s s  t h a n  
0 . 1 * 0  i n  t h e  c e n t r a l  s e g m e n t s  and l e s s  t h a n  0 . 5 * 0  a t  t h e  
t e r m i n a l  t h e r m o m e t e r s .
The f a l s e  f l o o r  was  c o v e r e d  by a s t r i p  o f  c e l l o ­
p h a n e ,  w i t h  wh ich  t h e  t h e r m o m e t e r s  we re  i n  c o n t a c t  and upon  
wh ich  t h e  s n a i l s  we re  p l a c e d .  The s n a i l s  a p p e a r e d  t o  a v o i d  
c o n t a c t  w i t h  t h e  m e t a l  s i d e s  o f  t h e  chamber  and mo s t  o f  them 
r e m a i n e d ,  u n r e s t r a i n e d ,  on t h e  c e l l o p h a n e  s u r f a c e .  O cca ­
s i o n a l l y  a s n a i l  wo u l d  c l i m b  up  a t h e r m o m e t e r  b u l b  and  c r e e p  
a l o n g  t h e  p l e x i g l a s s  t o p  o f  t h e  c h a m b e r .  When t h i s  o c c u r r e d ,  
t h e  a n i m a l  was  i g n o r e d  and n o t  i n c l u d e d  i n  t h e  r e s u l t s  b e ­
c a u s e  o f  t h e  p o s s i b i l i t y  o f  v e r t i c a l  t h e r m a l  g r a d i e n t s  n o t  
d e t e c t a b l e  by  means  o f  t h e  s t a t i o n a r y  t h e r m o m e t e r s .
I n  e a c h  t r i a l  one  s n a i l  was  p l a c e d ,  a p e r t u r e  down,
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a s  n e a r  a s  p o s s i b l e  t o  e a c h  o f  t h e  7 t h e r m o m e t e r s .  The a n i ­
m a l s  we re  l e f t  i n  t h e  chamber  f o r  a p e r i o d  o f  24 h o u r s  a f t e r  
w h i c h  t h e y  we re  r e t u r n e d  t o  t h e i r  t e r r a r i u m .  A n o t h e r  g r o u p  
o f  s n a i l s  was t h e n  i n t r o d u c e d  i n t o  t h e  c h a m b e r .  Upon t e r m i ­
n a t i o n  o f  t h e  24 h o u r  t r i a l ,  r e c o r d  was made o f  t h e  number  
o f  s n a i l s  w h i c h  we re  b e t w e e n  e a c h  o f  t h e  t h e r m o m e t e r s ,  i n  
t h e  t e m p e r a t u r e  c l a s s e s ,  30-25®C,  2 5 - 2 3 * 0 ,  2 3 - 2 1 * 0 ,  2 1 - 1 9 * 0 ,  
1 9 - 1 6 * 0 ,  and 1 6 - 8 * 0 .  A t o t a l  o f  143 a n i m a l s  we re  t e s t e d .
S u b s t r a t e  p r e f e r e n c e :-A s e r i e s  o f  t r i a l s  we re  made 
t o  d e t e r m i n e  w h e t h e r  i n d i v i d u a l s  o f  A. p t y c h o p h o r a  would 
s e l e c t  a m o i s t  o r  a d r y  s u b s t r a t e .
The e x p e r i m e n t a l  chambe r  c o n s i s t e d  o f  a 9 cm p y r e x  
p e t r i  d i s h .  I n  t h e  b o t t o m  o f  t h i s  d i s h  we re  p l a c e d  two 
s e m i - c i r c l e s  o f  f i l t e r  p a p e r  2 mm a p a r t .  One s e m i - c i r c l e  
was m o i s t ,  b u t  n o t  w e t ,  and t h e  o t h e r  was d r y .  The t e m p e r a ­
t u r e  was a p p r o x i m a t e l y  2 0 * 0 .
I n  t h e s e  t r i a l s  42 a d u l t  s n a i l s  f r om  t h e  l a b o r a t o r y  
c o l o n y  we re  u s e d .  They we re  p l a c e d  one a t  a t i m e  on t h e  
s p a c e  b e t w e e n  t h e  two s e m i - c i r c l e s  o f  f i l t e r  p a p e r .  A f t e r  
30 m i n u t e s ,  t h e  p o s i t i o n  and  c o n d i t i o n  o f  t h e  s n a i l  were  
r e c o r d e d .  A e s t i v a t i n g  o r  o t h e r w i s e  i n a c t i v e  s n a i l s  we re  n o t  
u s e d  i n  t h e  t r i a l s .
RESULTS
D i s p e r s i o n
Q u a n t i t a t i v e  work  was c o n d u c t e d  f rom 23 March,  1966
t h r o u g h  12 J u l y ,  1 9 6 6 .  D u r i n g  t h e  s t u d y  87 q u a d r a t s  we re  
s a m p l e d  and  1065 A. p t y c h o p h o r a  we re  c o l l e c t e d  and m a r k e d .  
The mean number  o f  s n a i l s  p e r  s q u a r e  m e t e r  was 1 2 . 2 ;  t h e  
m e d i a n  was 5 ;  s t a n d a r d  d e v i a t i o n ,  1 5 . 7 ;  v a r i a n c e ,  2 4 6 . 9 .
The f r e q u e n c i e s  p e r  s q u a r e  m e t e r  we re  co mpa red  w i t h  a 
P o i s s o n  d i s t r i b u t i o n  by  means  o f  c h i  s q u a r e  t o  t e s t  t h e  n u l l  
h y p o t h e s i s  o f  r a n d o m n e s s .  A c h i  s q u a r e  v a l u e  o f  6 3 1 . 3  i n d i ­
c a t e s  l e s s  t h a n  0 . 0 5  p r o b a b i l i t y  t h a t  t h e  n u l l  h y p o t h e s i s  i s  
v a l i d .  S i n c e  t h e  v a r i a n c e  e x c e e d s  t h e  mean,  t h e  s n a i l s  were  
s u p e r - d i s p e r s e d  o r  c l u m p e d .
V e g e t a t i o n  t y p e : - T h e  mo s t  d e n s e  p o p u l a t i o n s  o f  A. 
p t y c h o p h o r a  we re  f o u n d  i n  a r e a s  w he re  cow p a r s n i p ,  H e r a c l e u m  
l a n a t u m . was t h e  d o m i n a n t  h e r b .  O c c a s i o n a l l y  a d e n s e  popu ­
l a t i o n  was f o u n d  i n  a s s o c i a t i o n  w i t h  o t h e r  d o m in a n t  p l a n t  
t y p e s ,  and o c c a s i o n a l  p l o t s  o f  H. l a n a t u m  had  o n l y  a v e r a g e  
p o p u l a t i o n s  o f  A. p t y c h o p h o r a . On p l o t s  whe re  H. l a n a t u m  
was p r e s e n t  t h e  a v e r a g e  d e n s i t y  o f  A * p t y c h o p h o r a  was 25*5 ± 
25*3 i n d i v i d u a l s / m e t e r  • On p l o t s  on wh ic h  H. l a n a t u m  d i d  
n o t  g ro w ,  t h e  a v e r a g e  d e n s i t y  o f  A. p t y c h o p h o r a  was 7 . 2  t  
1 2 . 7  i n d i v i d u a l s / m e t e r  . When t h e s e  means  a r e  co mp a r ed  by  
means  o f  S t u d e n t ’ s T t e s t ,  a T v a l u e  o f  3 . 4 0 4 9  i n d i c a t e s  a 
p r o b a b i l i t y  o f  0 . 9 9 3  t h a t  t h e y  a r e  d i f f e r e n t .  T h i s  e s t a b ­
l i s h e s  t h a t  A. p t y c h o p h o r a  was f o u n d  i n  g r e a t e r  nu m b er s  i n  
r e g i o n s  whe re  H. l a n a t u m  was p r e s e n t .  T h i s  a s s o c i a t i o n  was 
more  c o n s i s t e n t  t h a n  t h a t  w i t h  any  o f  t h e  o t h e r  e n v i r o n m e n ­
t a l  f a c t o r s  s t u d i e d .  T h i s  c o r r e l a t i o n  was e v i d e n t  a f t e r
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1 May, 19 6 6 ,  s i n c e  i n  e a r l y  s p r i n g  H. l a n a t u m  had  n o t  y e t  
a p p e a r e d .
S o i l  r e a c t i o n  ( p H ) : - S o i l  pH i n  t h e  s t u d y  a r e a  r a n g e d
f r om  6 . 5  t o  8 . 0 .  The h i g h e r  pH v a l u e s  t e n d e d  t o  be a s s o c i ­
a t e d  w i t h  t h e  v a r i o u s  s t r e a m s  i n  t h e  a r e a .  The l o w e r  v a l u e s
we re  u s u a l l y  f o u n d  i n  a s s o c i a t i o n  w i t h  t h e  o c c a s i o n a l  s t a n d s
o f  p o n d e r o s a  p i n e  ( P i n u s  p o n d e r o s a ) . The mos t  d e n s e  p o p u l a ­
t i o n s  o f  A. p t y c h o p h o r a  we re  i n  r e g i o n s  we re  t h e  s o i l  pH was 
7*5* The mean d e n s i t i e s / m e t e r  i n  r e g i o n s  w i t h  e ac h  o f  t h e  
4 pH v a l u e s  we re  compa red  by  means  o f  S t u d e n t * s  T t e s t  and 
a l l  we re  s i g n i f i c a n t l y  d i f f e r e n t  a t  p > 0 . 9 0 .  The T v a l u e s  
and p r o b a b i l i t i e s  a r e  g i v e n  i n  T a b l e  1 .  The s n a i l s  a r e  
s l i g h t l y  more d e n s e  i n  r e g i o n s  o f  s o i l  pH 7 . 0  t h a n  8 , 0 .
T h e i r  d e n s i t y  i n  r e g i o n s  o f  s o i l  pH 6 . 5  i s  o n l y  h a l f  t h e  
a v e r a g e  d e n s i t y  ( 1 2 . 2 )  f o r  t h e  a r e a .
There  was no c o n s i s t e n t  c o r r e l a t i o n  b e t w e e n  s u b ­
s t r a t e  m o i s t u r e  o r  d e p t h  o f  l i t t e r  and  nu m be r s  o f  A, p t y c h o ­
p h o r a  ( A p p e n d ix  B ) .  The a v e r a g e  l i t t e r  d e p t h  was 2 . 6  cm, 
and v a r i e d  f ro m 0 - 1 0  cm. S o i l  m o i s t u r e  v a r i e d  f rom 4 - 1 4 2 #  
o f  d r y  w e i g h t  (m ean ,  6 1 . 7 # )  w h i l e  l i t t e r  m o i s t u r e  v a r i e d  
f r o m  8 - 2 7 8 #  (m ean ,  7 1 . 8 # ) .
S e a s o n a l  v a r i a t i o n s  t - L i t t i e  d i r e c t  i n f o r m a t i o n  on 
s e a s o n a l  movemen t s  was o b t a i n e d  s i n c e  v e r y  few m ark ed  i n d i ­
v i d u a l s  we re  r e c a p t u r e d  due t o  t h e  l a r g e  number  o f  unmarked  
s n a i l s  i n  t h e  p o p u l a t i o n .  Howeve r ,  some i n d i r e c t  i n f o r m a ­
t i o n  was  o b t a i n e d  f r om  t h e  s e a s o n a l  r e c o r d s  o f  d i s t r i b u t i o n .
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F i g s .  3 - 6  show t h e  s p a t i a l  r e l a t i o n s h i p s  o f  d e n s i t i e s  o f  A. 
p t y c h o p h o r a  d u r i n g  t h e  4 t i m e  p e r i o d s  o f  t h e  s t u d y .  " E a r l y  
s p r i n g "  was a r b i t r a r i l y  c o n s i d e r e d  t o  b e g i n  on 23 March ,
1966  when m o s t  o f  t h e  snow c o v e r  ha d  d i s a p p e a r e d ,  and t o  end 
on 12 A p r i l ,  1 9 6 6 ,  4 d a y s  a f t e r  t h e  l a s t  h i b e r n a t i n g  s n a i l  
was  f o u n d .  T h i s  p e r i o d  p r o b a b l y  a l s o  r e p r e s e n t s  t h e  w i n t e r  
d i s t r i b u t i o n  o f  t h e  s n a i l .  " M i d - s p r i n g "  was c o n s i d e r e d  t o  
e x t e n d  f r om  13 A p r i l  t o  12 May,  1 9 6 6 .  " L a t e  s p r i n g "  was b e ­
t w e en  13 May and  12 J u n e ,  1966 and " e a r l y  summer" c o v e r s  t h e  
t i m e  b e t w e e n  13 J u n e  and  12 J u l y ,  1 9 6 6 .
I n  e a r l y  s p r i n g  t h e  h i g h e s t  d e n s i t i e s  a r e  i n  c l o s e  
a s s o c i a t i o n  w i t h  t h e  s y s t e m  o f  s t r e a m s  wh ich  c u t s  t h r o u g h  
t h e  l o n g  a x i s  o f  t h e  s t u d y  a r e a .  The h i g h  d e n s i t i e s  i n  m i d ­
s p r i n g  a r e  l e s s  c l e a r l y  t i e d  t o  t h e  s t r e a m  s y s t e m  and i n  
l a t e  s p r i n g  t h e  a r e a s  o f  h i g h e r  d e n s i t y  a r e  much f u r t h e r  
f r o m  t h e  c e n t r a l  s t r e a m  s y s t e m .  I n  e a r l y  summer t h e  d a t a  
i n d i c a t e  a c o n t i n u a t i o n  o f  t h i s  d e c e n t r a l i z a t i o n ,  a l t h o u g h  
t h e  d e n s i t i e s  i n  t h e  r e g i o n  j u s t  e a s t  o f  t h e  s t r e a m  s y s t e m  
a t  t h e  s o u t h  end  o f  t h e  s t u d y  a r e a  a p p e a r  much as  t h e y  d i d  
i n  e a r l y  s p r i n g .  U n f o r t u n a t e l y  t h i s  a r e a  was n o t  s a m p l e d  o f ­
t e n  enough  i n  m i d -  and l a t e  s p r i n g ,  b u t  p e r h a p s  t h e  d e n s i t y  
s h i f t  i s  n o t  so m ar k e d  i n  t h i s  r e g i o n  a s  on t h e  w e s t  s i d e .
The s c a n t y  r e c a p t u r e  d a t a  i s  sum mar i zed  i n  t a b l e  2 
and f i g .  1 and s u b s t a n t i a t e s  t h e  i d e a  o f  an o u t w a r d  s e a s o n a l  
mov eme n t .  The a v e r a g e  d i s t a n c e  t r a v e l e d  was 44 f e e t  ( r a n g e ,
4O— 6 0 ) .
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F u r t h e r  i n d i r e c t  e v i d e n c e  can  be g a i n e d  f rom a com­
p a r a t i v e  s t u d y  o f  t h e  d i s p e r s i o n s  o f  emp ty  s h e l l s  and l i v e
a n i m a l s .  I n  e a r l y  s p r i n g  t h e  p l o t s  i n  w h i c h  l i v e  a d u l t
s n a i l s  o u t n u m b e r  emp ty  s h e l l s  w e r e  c l o s e l y  a s s o c i a t e d  w i t h  
t h e  s t r e a m  s y s t e m ,  w h e r e a s  p l o t s  i n  wh ich  t h e  empty  s h e l l s  
o u t n u m b e r  t h e  l i v e  s n a i l s  we r e  p e r i p h e r a l  t o  t h e  s t r e a m  s y s ­
t em ( f i g .  7 ) .  The d i s t r i b u t i o n s  o f  s n a i l s  and empty s h e l l s  
i n  s u b s e q u e n t  p e r i o d s  ( f i g s .  8 - 1 0 )  show t h a t  p l o t s  i n  wh ich  
t h e  l i v e  s n a i l s  o u t n u m b e r  t h e  empty  s h e l l s  a r e  p r o g r e s s i v e l y  
more p e r i p h e r a l  t o  t h e  s t r e a m  s y s t e m .
F o r  e x a m p l e ,  on 18 A p r i l ,  19 6 6 ,  p l o t  30 was s a m p l e d  
and 5 l i v e  s n a i l s  and  72 empty  s h e l l s  we re  f o u n d .  I n s p e c ­
t i o n  showed t h i s  same r e l a t i o n s h i p  i n  t h e  a r e a  s u r r o u n d i n g  
t h e  p l o t .  On 19 May, 1966 p l o t  57 ,  wh ic h  i s  i m m e d i a t e l y  a d ­
j a c e n t  t o  p l o t  3 0 ,  was f o u n d  t o  have  59 l i v e  s n a i l s  and  67 
empty s h e l l s .  I n s p e c t i o n  i n d i c a t e d  s i m i l a r i t y  i n  t h e  s u r ­
r o u n d i n g  a r e a .  S i n c e  t h e  s h e l l s  c a n n o t  move ,  and t h e  sam­
p l e s  we re  o b t a i n e d  r a n d o m l y ,  t h e  l o g i c a l  e x p l a n a t i o n  f o r  
t h i s  s h i f t  i n  r e l a t i o n s h i p s  i s  t h a t  t h e  s n a i l s  moved away 
f r om  t h e  s t r e a m  s y s t e m .  T h u s ,  b o t h  d i r e c t  and i n d i r e c t  e v i ­
de nce  i n d i c a t e  s e a s o n a l  p a t t e r n s  o f  movement  i n  A. p t y c h o ­
p h o r a  o f  a m a g n i t u d e  a p p r o a c h i n g  50 f e e t  i n  l i n e a r  e x t e n t .
A c t i v i t y
I n d i v i d u a l s  o f  A.  p t y c h o p h o r a  hav e  t h r e e  c h a r a c t e r ­
i s t i c  a c t i v i t y  s t a t e s .  They u n d e r g o  a p e r i o d  o f  h i b e r n a t i o n  
b e t w e e n  O c t o b e r  and A p r i l  o f  e ach  y e a r ,  c h a r a c t e r i z e d  by a
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t h i c k  w h i t e  c a l c a r e o u s  e p i p h r a g m ,  n o t  s e e n  a t  any  o t h e r  s e a ­
s o n .  D u r i n g  u n f a v o r a b l e  p e r i o d s  a t  o t h e r  s e a s o n s  s n a i l s  
e n t e r  a e s t i v a t i o n ,  w h i c h  i s  c h a r a c t e r i z e d  by a t h i n ,  t r a n s ­
p a r e n t  "mucous  v e i l "  c l o s u r e  o f  t h e  a p e r t u r e .  When c o n d i ­
t i o n s  a r e  f a v o r a b l e  t h e  s n a i l s  a r e  " a c t i v e , "  _i , ,  t h e  body  
i s  e x t e n d e d  f r o m  t h e  s h e l l  and  l o c o m o t o r  a c t i v i t y  u s u a l l y  
o c c u r s .  O c c a s i o n a l l y  a s n a i l  i s  f o u n d  w i t h d r a w n  i n t o  t h e  
s h e l l  w i t h  no a p e r t u r e  c l o s u r e .  F o r  t h e  p u r p o s e s  o f  t h i s  
s t u d y ,  t h i s  c o n d i t i o n  i s  c o n s i d e r e d  as  " a c t i v e . "
T em po r a l  s e q u e n c e  o f  a c t i v i t y  s t a t e s ; - F i g u r e  11 
g i v e s  t h e  p r o p o r t i o n s  o f  a l l  l i v e  a n i m a l s  e n c o u n t e r e d  on 
t h e  i n d i c a t e d  p l o t  wh ich  we re  i n  h i b e r n a t i o n ,  a e s t i v a t i o n  
and a c t i v e .  I n i t i a l l y  t h e  p r o p o r t i o n  o f  s n a i l s  h i b e r n a t i n g  
i s  h i g h .  As t h e  s e a s o n  p r o g r e s s e s ,  t h e  p r o p o r t i o n  o f  n o n ­
h i b e r n a t i n g  ( a e s t i v a t i n g  and  a c t i v e )  a n i m a l s  i n c r e a s e s .
The p r o p o r t i o n  i n c r e a s e d  f i r s t  i n  t h e  i m m a tu r e  a n i m a l s  and  
was f o l l o w e d  a f t e r  a l a g  by  t h e  a d u l t  a n i m a l s .  The n o n ­
h i b e r n a t i n g  g r o u p  g r a d u a l l y  s h i f t s  f r om  p r e d o m i n a n t l y  a e s t i ­
v a t i n g  a n i m a l s  t o  p r e d o m i n a n t l y  a c t i v e  a n i m a l s .  I n  a l m o s t  
e v e r y  p l o t  t h e  p r o p o r t i o n  o f  i m m a tu r e  s n a i l s  w h i c h  we r e  i n  
t h e  a c t i v e  c o n d i t i o n  e x c e e d e d  t h e  p r o p o r t i o n  o f  a d u l t s  wh i ch  
we re  a c t i v e .
S i n c e  a l l  c o l l e c t i o n s  we r e  made d u r i n g  t h e  d a y l i g h t  
h o u r s ,  u s u a l l y  i n  t h e  a f t e r n o o n ,  i t  i s  e v i d e n t  t h a t  A. p t y ­
c h o p h o r a  i s  a t  l e a s t  n o t  e x c l u s i v e l y  n o c t u r n a l  b u t  can and 
d o e s  r e m a i n  i n  t h e  a c t i v e  and f o r a g i n g  s t a t e  d u r i n g  t h e  day
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when c o n d i t i o n s  a r e  f a v o r a b l e .
R e l a t i v e  h u m i d i t y ; » T h e r e  a p p e a r e d  t o  be no d i s t i n c t  
c o r r e l a t i o n  b e t w e e n  a c t i v i t y  and any one r a n g e  o f  r e l a t i v e  
h u m i d i t y .  The h u m i d i t y  10 cm above  t h e  l i t t e r  s u r f a c e  u s u ­
a l l y  r e m a i n s  b e t w e e n  40 and  B0% ( s e e  A p p e n d i x  B) a l t h o u g h  
o c c a s i o n a l l y  i t  r o s e  t o  o r  d r o p p e d  a s  low a s  2 0 # .
S u b s t r a t e  m o i s t u r e ; - A c t i v i t y  d i d  n o t  a p p e a r  t o  be 
a s s o c i a t e d  w i t h  any s p e c i f i c  r a n g e  o f  s u b s t r a t e  m o i s t u r e  
c o n t e n t  ( A p p e n d i x  B ) ,  T h e r e  was a t e n d e n c y  f o r  a n i m a l s  t o  
be  more a c t i v e  when t h e  l i t t e r  m o i s t u r e  e x c e e d e d  t h a t  o f  t h e  
s o i l .  On p l o t s  whe re  t h e  s o i l  m o i s t u r e  e x c e e d e d  t h a t  o f  t h e  
l i t t e r ,  t h e  a v e r a g e  p e r c e n t a g e  o f  a d u l t s  p r e s e n t  wh ic h  we re  
a c t i v e  was 32 i  3 7 # ,  compa red  w i t h  75 ± 36# on p l o t s  where  
t h e  l i t t e r  m o i s t u r e  was g r e a t e r  t h a n  t h e  s o i l  m o i s t u r e ,  A 
S t u d e n t ’ s T v a l u e  o f  6 , 8 0 5 5  i n d i c a t e s  p > 0 , 9 9 5  t h a t  t h e  two 
means  a r e  d i f f e r e n t .
S u b s t r a t e  p r e f e r e n c e ! - I n d i v i d u a l s  o f  A, p t y c h o p h o r a  
s e l e c t e d  a m o i s t  s u b s t r a t e  r a t h e r  t h a n  a d r y  one i n  31 o f  
t h e  42 t r i a l s ,  and i n  e v e r y  c a s e  r e m a i n e d  a c t i v e  a t  t h e  end  
o f  t h e  t r i a l .  I n  5 o f  t h e  42 t r i a l s ,  t h e  s n a i l s  c h o se  a d r y  
s u b s t r a t e ;  3 o f  t h e s e  r e m a i n e d  a c t i v e  and 2 became i n a c t i v e .  
I n  6 c a s e s ,  t h e  s n a i l  r e m a i n e d  on t h e  s p a c e  b e t w e e n  t h e  two 
p a p e r s ;  5 o f  t h e s e  became  i n a c t i v e  and  o n l y  1 r e m a i n e d  a c ­
t i v e  .
T e m p e r a t u r e ; - E n v i r o n m e n t a l  t e m p e r a t u r e s  a r e  g i v e n  i n  
f i g ,  1 1 ,  The t e m p e r a t u r e s  i n  t h e  u p p e r  t h r e e  s t r a t a  ( 40  cm,
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10 cm, l i t t e r  s u r f a c e )  we re  c o n s i d e r a b l y  more  v a r i a b l e  t h a n  
t h o s e  i n  t h e  s u b - l i t t e r  s p a c e  and s o i l .  The m a j o r i t y  o f  
a n i m a l s  e n c o u n t e r e d  i n  a e s t i v a t i o n  were  i n  o r  u n d e r  t h e  l i t ­
t e r  l a y e r .  D u r i n g  p e r i o d s  o f  i n c r e a s e d  a c t i v i t y ,  mos t  a n i ­
m a l s  a s sumed  f o r a g i n g  p o s i t i o n s  on t h e  l i t t e r  s u r f a c e  o r  
t h e y  c l i m b e d  a p p r o p r i a t e  v e g e t a t i o n .  Thu s ,  t h e  key  t e m p e r ­
a t u r e  i n  c o n s i d e r a t i o n  o f  a c t i v i t y  a p p e a r s  t o  be t h a t  o f  t h e  
l i t t e r  s u r f a c e .  When t h i s  t e m p e r a t u r e  was i n  t h e  r a n g e  o f  
18*C t h e  p r o p o r t i o n  o f  a c t i v e  and  f o r a g i n g  a d u l t  s n a i l s  was 
h i g h .  When t h e  t e m p e r a t u r e  o f  t h e  l i t t e r  s u r f a c e  i n c r e a s e d  
much above  18°C t h e  a c t i v i t y  o f  t h e  s n a i l s  c e a s e d ,  and t h e y  
r e t r e a t e d  t o  t h e  c o o l e r  s u b - l i t t e r  s p a c e .  A e s t i v a t i o n  was 
p a r t i c u l a r l y  e v i d e n t  when t h e  t e m p e r a t u r e  o f  t h e  s u b - l i t t e r  
r e g i o n  a l s o  e x c e e d e d  18*C.  P o s s i b l y  t h e  a c t i v i t y  t h r e s h o l d  
o f  im m a tu r e  s n a i l s  i s  d i f f e r e n t  f r om t h a t  o f  a d u l t s .  One 
i n t e r e s t i n g  o c c u r r e n c e  i n v o l v e d  p l o t s  30 and 33 on 18 A p r i l ,  
1 9 6 6 .  On t h i s  d a t e  a i r  t e m p e r a t u r e s  f e l l  t o  n e a r l y  0*C,  b u t  
t h e  l i t t e r  s u r f a c e  and s u b - l i t t e r  t e m p e r a t u r e s  r e m a i n e d  a t  
10®C. A p p a r e n t l y  t h i s  t e m p e r a t u r e  was t o o  c o l d  f o r  a c t i v i t y  
as  a l l  s n a i l s  e n c o u n t e r e d  we re  a e s t i v a t i n g .
T e m p e r a t u r e  p r e f e r e n c e : -The  mean t e m p e r a t u r e  s e l e c t e d  
by  t h e  s n a i l s  p l a c e d  i n  t h e  t e m p e r a t u r e  g r a d i e n t  bo x  i n  t h e  
l a b o r a t o r y  was a p p r o x i m a t e l y  1 8 .4 * 0  ( S . D . 4 * 0 9 ) .  The moda l  
c l a s s  was 1 9 - 2 1 ° C .  The m ed i an  t e m p e r a t u r e  s e l e c t e d  was a p ­
p r o x i m a t e l y  2 0 * 0 .  The f r e q u e n c i e s  o f  t e m p e r a t u r e s  s e l e c t e d  
a r e  shown i n  f i g .  1 2 .  As i n d i c a t e d  by  t h e  d i f f e r e n c e  b e tw e e n
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t h e  mean and mode ,  t h e  c u r v e  i s  skewed t o w a r d  t h e  c o o l e r  
t e m p e r a t u r e s .  The one t e m p e r a t u r e  s e l e c t e d  mos t  f r e q u e n t l y  
by  t h e  s n a i l s  was  20®C, b u t  more  s n a i l s  s e l e c t e d  t e m p e r a ­
t u r e s  c o o l e r  t h a n  t h i s  t h a n  s e l e c t e d  wa rmer  t e m p e r a t u r e s .
Fo r  t h i s  r e a s o n  t h e  mean seems t o  be a c l o s e r  r e p r e s e n t a ­
t i o n  o f  t h e  i d e a  o f  " p r e f e r r e d  t e m p e r a t u r e . "
S i n c e  t e m p e r a t u r e  a c c l i m a t i o n  can  a f f e c t  t e m p e r a t u r e  
p r e f e r e n c e ,  t h e  r e s u l t s  o f  t h i s  s t u d y  can  be a p p l i e d  o n l y  t o  
summer a n i m a l s  whose  a m b i e n t  t e m p e r a t u r e  a p p r o x i m a t e s  20®C, 
t h e  a c c l i m a t i o n  t e m p e r a t u r e  o f  t h e  s n a i l s  i n  t h e  l a b o r a t o r y .
P o p u l a t i o n  S t r u c t u r e
The d i s t r i b u t i o n  o f  d i a m e t e r s  o f  i n d i v i d u a l  A. p t y ­
c h o p h o r a  i n  e ac h  o f  t h e  f o u r  p e r i o d s  o f  t h e  s t u d y  i s  shown 
i n  f i g .  13» D i s t r i b u t i o n s  o f  s h e l l  h e i g h t  and w e i g h t  show 
a s i m i l a r  p a t t e r n .  I t  i s  n o t  p o s s i b l e  t o  c o n s t r u c t  a l i f e  
t a b l e  i n  t h e  u s u a l  s e n s e  f r o m  t h e s e  d a t a  b e c a u s e  s e v e r a l  
n e c e s s a r y  a s s u m p t i o n s  c a n n o t  be m e t .  Deevey (1 9 4 7 )  s t a t e s  
t h a t  l i f e  t a b l e s  c an  be  c o n s t r u c t e d  f rom d i r e c t  o b s e r v a t i o n s  
o f  t h e  age  s t r u c t u r e  o f  t h e  p o p u l a t i o n .  T h i s  a s s u m e s ,  how­
e v e r ,  t h a t  t h e  age  s t r u c t u r e  i s  s t a b l e  w i t h  r e s p e c t  t o  t i m e .  
As can  be  s e e n  f r o m  f i g .  13 t h i s  a s s u m p t i o n  was n o t  met  i n  
t h e  p r e s e n t  s t u d y .  A n o t h e r  a s s u m p t i o n  i s  t h a t  t h e  age o f  
t h e  a n i m a l  shows a d i r e c t  r e l a t i o n  t o  s i z e  o r  some o t h e r  
m e a s u r a b l e  c h a r a c t e r .  W h i l e  t h i s  i s  i n  g e n e r a l  t r u e  f o r  t h e  
i m m a t u r e  a n i m a l s ,  t h e y  c e a s e  g r o w t h  upon a t t a i n m e n t  o f  a d u l t  
s i z e . I  know o f  no r e l i a b l e  m e th od  f o r  d e t e r m i n i n g  t h e  age
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o f  a d u l t  s n a i l s .  Even w i t h  i m m a tu r e  a n i m a l s ,  s i z e  i s  o n l y  a 
r o u g h  i n d i c a t i o n  o f  t h e  age  o f  t h e  a n i m a l  b e c a u s e  o f  t h e  i n ­
f l u e n c e  o f  e n v i r o n m e n t a l  and g e n e t i c  g ro w th  f a c t o r s .  A mem­
b e r  o f  t h e  p o p u l a t i o n  u n d e r  s t u d y  wh ich  h a s  l i v e d  f o r  one 
c a l e n d a r  y e a r ,  h a s  p r o b a b l y  b e e n  i n  t h e  a c t i v e  and g r ow in g  
s t a t e  f o r  l e s s  t h a n  7 m o n t h s .  D u r i n g  November -March  t h e  
s n a i l s  a r e  i n  h i b e r n a t i o n  and  t h u s  can e x e c u t e  no a c t i v e  
g r o w t h .  D u r i n g  A p r i l - O c t o b e r  t h e i r  g r o w t h  i s  i n t e r r u p t e d  
f r e q u e n t l y  by  p e r i o d s  o f  a e s t i v a t i o n  ( f i g .  11)  d u r i n g  wh ic h  
t h e i r  m a n t l e  i s  r e t r a c t e d  f rom t h e  a p e r t u r e  o f  t h e  s h e l l .
I  i n t e r p r e t  f i g .  13 t o  r e p r e s e n t  a p o p u l a t i o n  wh i ch  
i s  composed o f  more a d u l t s  t h a n  im m a tu re  a n i m a l s  o f  any  one 
s i z e  c l a s s ,  b u t  a p p r o x i m a t e l y  e q u a l  numbers  o f  a d u l t s  and 
t o t a l  imma tu r e  a n i m a l s .  T h i s  c o u l d  be t h e  r e s u l t  o f  t h e  
a d u l t  a n i m a l s  l i v i n g  f o r  more t h a n  one y e a r ,  p r o b a b l y  2 o r  
more .
The p o p u l a t i o n  i n  e a r l y  s p r i n g  i s  composed o f  4 0 . 5 ^  
i m m a tu r e  s n a i l s  and  59*5^  a d u l t  a n i m a l s  ( t a b l e  3 ) .  I n  m id ­
s p r i n g  t h e r e  i s  an i n c r e a s e  i n  t h e  p r o p o r t i o n  o f  im m a tu re  
a n i m a l s  and d e c r e a s e  i n  t h e  p r o p o r t i o n  o f  a d u l t  a n i m a l s  t o  
51•5% and 4 2 . 5 ^  r e s p e c t i v e l y .  T h i s  m i g h t  be  due t o  an i n ­
c r e a s e  i n  i m m a t u r e s  t h r o u g h  n a t a l i t y ,  b u t  t h e r e  i s  no e v i ­
d e n c e  f o r  t h i s  ( f i g .  13)  and t h e  a d u l t  m o r t a l i t y  i n d e x  
( t a b l e  4 )  i s  h i g h e r  i n  t h i s  p e r i o d  t h a n  i n  any o t h e r ,  i n d i ­
c a t i n g  t h a t  i n c r e a s e d  a d u l t  m o r t a l i t y  i s  t h e  c a u s e .  The re  
i s  a g r a d u a l  i n c r e a s e  i n  a d u l t s  and  d e c r e a s e  i n  imma tu re
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p o r t i o n s  o f  t h e  p o p u l a t i o n  d u r i n g  l a t e  s p r i n g  and e a r l y  sum­
m e r .  Mode B r e p r e s e n t s  n a t a l i t y  i n  l a t e  s p r i n g .  A l t h o u g h  
n a t a l i t y  i n c r e a s e d ,  d e c r e a s i n g  a d u l t  m o r t a l i t y  a t  t h i s  t i m e  
more t h a n  c o m p e n s a t e d  f o r  i t .
I f  mode A r e p r e s e n t s  a s i n g l e  s i z e  c l a s s ,  t h e n  a 
p o s s i b l e  i n t e r p r e t a t i o n  i s  t h a t  t h e s e  a n i m a l s  h a t c h e d  a few 
mon ths  b e f o r e  w i n t e r  h i b e r n a t i o n  e n s u e d  i n  t h e  f a l l ,  196 $ .  
Growth  was s u s p e n d e d  f o r  t h e  w i n t e r  so t h e  d i s t r i b u t i o n  i n  
e a r l y  s p r i n g  r e p r e s e n t s  t h e  l a t e  f a l l  d i s t r i b u t i o n  o f  s i z e s  
a s  w e l l .  T h i s  s i z e  pe ak  can  be t r a c e d  t h r o u g h  s u b s e q u e n t  
p e r i o d s  a s  i n d i c a t e d .  T h i s  r e p r e s e n t s  a g r o w t h  r a t e  o f  a p ­
p r o x i m a t e l y  2 mm p e r  m o n t h .  I f  t h i s  r a t e  r e m a i n s  f a i r l y  
c o n s t a n t ,  t h e s e  a n i m a l s  may become a d u l t  l a t e  i n  t h e  f a l l ,  
1966 o r  e a r l y  s p r i n g ,  1 9 6 7 ,  and s p r i n g  h a t c h e d  s n a i l s  w i l l  
be  r e p r e s e n t e d  i n  t h e  d i a m e t e r  c l a s s e s  b e l o w  1 6 . 5  mm i n  t h e  
e a r l y  s p r i n g  f o l l o w i n g  t h e i r  b i r t h ,  10 m on th s  b e f o r e .
O b s e r v a t i o n s  ; - I n  t h e  l a b o r a t o r y  a t  l e a s t  23 d a y s  i s  
r e q u i r e d  f o r  o v i p o s i t i o n  and h a t c h i n g  o f  young  s n a i l s  once  
c o p u l a t i o n  h a s  o c c u r r e d .  I f  t h i s  l e n g t h  o f  t i m e  i s  r e q u i r e d  
i n  t h e  f i e l d  t h e n  c o p u l a t i o n s  m us t  e n s u e  w i t h i n  one month  o f  
a r o u s a l  f r o m  h i b e r n a t i o n .  The f i r s t  c o p u l a t i o n  wh i ch  1 ob ­
s e r v e d  i n  t h e  s p r i n g  was on 12 A p r i l ,  1 9 6 6 .  1 a l s o  o b s e r v e d
c o p u l a t i o n s  a s  l a t e  a s  28 J u n e ,  1 9 6 6 .  I n  l a t e  June  and 
e a r l y  J u l y  egg m a s s e s  we re  p r e s e n t  i n  t h e  s o i l  on many p l o t s .  
S i n c e  c o p u l a t i o n s  a l s o  o c c u r r e d  i n  t h e  l a b o r a t o r y  a s  l a t e  as  
2 De cem ber ,  1 9 6 $ ,  1 f e e l  t h a t  c o p u l a t i o n  can  and do es  o c c u r
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w h e n e v e r  p h y s i c a l  c o n d i t i o n s  o f  t h e  e n v i r o n m e n t  a r e  f a v o r ­
a b l e  .
A n i m a l s  m a i n t a i n e d  i n  t h e  l a b o r a t o r y  p r o d u c e d  an 
a v e r a g e  c l u t c h  o f  19 e g g s  ( r a n g e ,  1 2 - 3 2 ) .  Two s n a i l s  wh ic h  
c o p u l a t e d  on 12 November ,  196 5 s u b s e q u e n t l y  p r o d u c e d  6 
c l u t c h e s  a p i e c e .  The f i r s t  c l u t c h  was d e p o s i t e d  by  e a c h  5 
d a y s  a f t e r  c o p u l a t i o n  and  s u b s e q u e n t  c l u t c h e s  we re  d e p o s i t e d  
a t  a p p r o x i m a t e  5 day  i n t e r v a l s .  An a v e r a g e  p e r i o d  o f  20 
d a y s  a f t e r  d e p o s i t i o n  was r e q u i r e d  f o r  t h e  young  s n a i l s  t o  
h a t c h .
DISCUSSION
D i s p e r s i o n
S t r a n d i n e  ( 1 9 4 4 )  and G a r r i c k  ( 1 94 1 )  f o u n d  a p o s i t i v e  
c o r r e l a t i o n  b e t w e e n  d e n s i t i e s  o f  o t h e r  t e r r e s t r i a l  g a s t r o ­
pods  and  s o i l  m o i s t u r e ,  b u t  t h i s  r e l a t i o n s h i p  do es  n o t  seem 
t o  e x i s t  f o r  A. p t y c h o p h o r a  a t  t h e  t i m e  o f  t h e  s t u d y .  The 
d i s p e r s i o n  o f  t h i s  s p e c i e s  i s  c l o s e l y  t i e d  t o  t h e  s t r e a m  
s y s t e m  i n  t h e  i n t e r i o r  o f  t h e  s t u d y  a r e a  i n  w i n t e r  b u t  
s h i f t s  i n  s p r i n g  t o  a r e a s  i n  wh i ch  j ! .  l a n a t u m  i s  t h e  domi ­
n a n t  h e r b  and t h e  pH i s  a b o u t  7*5. Lee ( 1 95 2 )  f o u n d  S t e n o -  
t r e m a  h i r s u t u m  more d e n s e  i n  r e g i o n s  o f  s o i l  pH 8 . 0 .  On t h e  
w e s t  s i d e  o f  t h e  s t r e a m  s y s t e m ,  t h e s e  s t a n d s  o f  j j .  l a n a t u m  
a r e  n e a r l y  50 f e e t  f r om  t h e  s t r e a m ,  n e c e s s i t a t i n g  a m i g r a ­
t i o n  t o  t h e s e  a r e a s .  W h e t h e r  t h e  s e l e c t i o n  made by  t h e  
s n a i l s  i s  b a s e d  upon  pH o r  v e g e t a t i o n  t y p e  was n o t
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d e t e r m i n e d .  F o s t e r  ( 1 9 3 6 )  n o t e d  t h a t  P o l y g y r a  t h y r o ï d e s  was 
mo s t  d e n s e  i n  a r e a s  whe re  t h e  wood n e t t l e  was  d o m i n a n t .
K r u l l  and  Napes  ( 1 9 5 2 )  f o u n d  C i o n e l l a  l u b r i c a  a s s o c i a t e d  
w i t h  b e r r y  t h i c k e t s  and  n o t e d  s m a l l  s c a l e  s e a s o n a l  s h i f t s  i n  
d i s t r i b u t i o n .
S i n c e  t h e  s n a i l s  u s e  t h e  l e a v e s  and s t a l k s  o f  H. 
l a n a t u m . b o t h  a l i v e  and  d e a d ,  f o r  f o o d  and t h e r e  a r e  no such  
s u c c u l e n t  p l a n t  t y p e s  i n  t h e  i m m e d i a t e  r e g i o n  o f  t h e  s t r e a m ,  
t h e  movement  a p p e a r s  t o  have  a t r o p h i c  b a s i s .  Howeve r ,  t h e  
s n a i l s  c an  and do consume t h e  o t h e r  p l a n t s ,  a s  w e l l  a s  l i t ­
t e r ,  and  p r o b a b l y  f u n g i  g r o w i n g  on i t .  The re  s h o u l d ,  t h e r e ­
f o r e ,  be some a d v a n t a g e  i n c u r r e d  by  moving  i n t o  t h e s e  r e g i o n s  
o f  H. l a n a t u m . s i n c e  su c h  a m i g r a t i o n  mus t  r e p r e s e n t  an a d d i ­
t i o n a l  e n e r g y  e x p e n d i t u r e .  A d v a n t a g e s  m i g h t  be  g a i n e d  i f  t h e  
f o o d  i n  t h e s e  a r e a s  we re  o f  a h i g h e r  u t i l i z a b l e  e n e r g y  c o n ­
t e n t ,  mak ing  g r o w t h  and r e p r o d u c t i o n  more e c o n o m i c a l  o r  i f  
t h e  n a t u r e  o f  t h e  p l a n t  c o v e r  we re  i m p o r t a n t  i n  m e d i a t i n g  t h e  
m a c r o - e n v i r o n m e n t ,  t h u s  d e c r e a s i n g  m o r t a l i t y .  As can  be s e e n  
f r om  p l a t e  1 o f  s u i t a b l e  and u n s u i t a b l e  h a b i t a t ,  t h e  f o rm  o f  
t h i s  p l a n t  c e r t a i n l y  wou l d  seem t o  a f f o r d  more p r o t e c t i o n  
f r om  t h e  m a c r o - e n v i r o n m e n t .  A d v a n t a g e  m i g h t  a l s o  be i n c u r r e d  
i f  t h e  a n i m a l s  c o u l d  o b t a i n  n e c e s s a r y  m o i s t u r e  f r o m  H. 
l a n a t u m  wh i ch  i s  a v e r y  s u c c u l e n t  t y p e  o f  p l a n t .  P e r h a p s  a 
c o m b i n a t i o n  o f  t h e s e  f a c t o r s  e x p l a i n s  t h e  p a t t e r n  o f  movement  
s e e n .
The t e r r a i n  i n  t h e  r e g i o n  o f  t h e  s t r e a m  s y s t e m  h a s
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more m i c r o - r e l i e f  t h a n  t h a t  i n  t h e  p e r i p h e r y .  T h i s  a f f o r d s  
a l a r g e  number  o f  t h e  s m a l l  d e p r e s s i o n s  wh ich  we re  r e p o r t e d  
by  C a r n e y  ( 1 9 6 6 )  t o  be  u s e d  a s  w i n t e r i n g  h a b i t a t  f o r  t h i s  
s p e c i e s .  M o r e o v e r ,  m o i s t u r e  c o n t e n t  o f  t h e  s o i l  i n  t h i s  r e ­
g i o n  i n  f a l l  s h o u l d  be g r e a t e r  due t o  i t s  p r o x i m i t y  t o  t h e  
s t r e a m .  T h i s  was n o t  t r u e  i n  t h e  s p r i n g  b e c a u s e  t h e r e  was 
no w a t e r  i n  t h e  s t r e a m  s y s t e m  u n t i l  l a t e  s p r i n g .  T h i s  s o i l  
m o i s t u r e  wou ld  i n c r e a s e  t h e  s p e c i f i c  h e a t  o f  t h e  s o i l  and 
t h u s  b u f f e r  r a p i d  t e m p e r a t u r e  c h a n g e s .  I f  t h e  s n a i l s  were  
r e s p o n d i n g  t o  a p r e f e r r e d  t e m p e r a t u r e ,  t h e n  a s  t h e  m a c r o -  
c l i m a t e  t e m p e r a t u r e  f e l l ,  t h e  r e g i o n  r e m a i n i n g  l o n g e s t  a t  
t h e  p r e f e r r e d  t e m p e r a t u r e  wou ld  be  t h e s e  m o i s t  r e g i o n s .
A c t i v i t y
I t  h a s  b e e n  shown t h a t  t h e  s n a i l s  t e n d  t o  be  more 
a c t i v e  i n  t h e  f i e l d  when t h e  t e m p e r a t u r e  o f  t h e  l i t t e r  s u r ­
f a c e  i s  c l o s e  t o  18®C. The mean t e m p e r a t u r e  s e l e c t e d  i n  t h e  
t e m p e r a t u r e  g r a d i e n t  s t u d y  was 18 .4®C.  I t  a p p e a r s  t h a t  t h e  
p r e f e r r e d  t e m p e r a t u r e  a t  l e a s t  i n  p a r t  c o n d i t i o n s  t h e  a c t i v ­
i t y  o f  t h e  a n i m a l s ,  and t h a t  t h e y  c a r r y  o u t  t h e i r  f e e d i n g  
a c t i v i t y  when t h e  t e m p e r a t u r e  i s  n e a r  t h a t  wh ic h  t h e y  p r e f e r .  
I t  a l s o  a p p e a r s  t h a t  t h e y  s e l e c t  a g a i n s t  u n f a v o r a b l e  l i t t e r  
s u r f a c e  t e m p e r a t u r e s  by  r e t i r i n g  i n t o  t h e  c o o l e r  s u b - l i t t e r  
s p a c e  and  a s s u m i n g  t h e  c o n d i t i o n  o f  a e s t i v a t i o n  wh ich  p r e ­
s um a b ly  o f f e r s  more r e s i s t a n c e  t o  t h e  e n v i r o n m e n t  ( s e e  Ap­
p e n d i x  A) .
Van d e r  S c h a l i e  and Ge t z  ( 1 9 6 3 )  d e m o n s t r a t e d
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t e m p e r a t u r e  p r e f e r e n c e s  (mean s e l e c t e d  t e m p e r a t u r e )  o f  21® 
and 24*0 i n  P o m a t i o p s i s  C i n c i n n a t i e n s i s  and P* l a p i d a r i a  r e ­
s p e c t i v e l y .  Howeve r ,  s i n c e  t h e y  f a i l e d  t o  g i v e  t h e  p r e v i o u s  
t h e r m a l  h i s t o r y  o f  t h e  a n i m a l s ,  any  c o m p a r i s o n  w i t h  t h e i r  
r e s u l t s  i s  i m p o s s i b l e .  G e t z  ( 1 95 9 )  r e c o r d e d  p r e f e r r e d  t e m ­
p e r a t u r e s  f o r  A r i o n  c i r c u m s c r i p t u s  and D e r o c e r o s  r e t i c u l a t u m  
o f  18*-24*C and  D. l a e v e  o f  14 * - 2 6* C .
I n  v i e w  o f  t h e  s u b s t r a t e  s e l e c t i o n  r e s u l t s  i n  t h e  
l a b o r a t o r y  i t  i s  n o t  s u r p r i s i n g  t o  s ee  t h a t  i n  t h e  f i e l d  t h e  
a n i m a l s  a r e  a c t i v e  p r i m a r i l y  when t h e  m o i s t u r e  c o n t e n t  o f  
t h e  l i t t e r  i s  g r e a t e r  t h a n  t h a t  o f  t h e  s o i l .  S i n c e  t h e y  
have  d e m o n s t r a t e d  t h e  a b i l i t y  t o  s e l e c t  m o i s t  o v e r  d r y  s u b ­
s t r a t e  and t o  r e m a i n  a c t i v e  l o n g e r  on t h e  m o i s t  o n e ,  t h i s  i s  
p o s s i b l y  t h e  k e y  t o  t h e  p e r i o d i c  a c t i v i t y  o f  t h e  s n a i l s .  
D a i n t o n  ( 1 9 5 4 )  s t u d i e d  t h e  h u m i d i t y  r e s p o n s e  o f  t h e  s l u g ,  
A g r i o l i m a x  a g r e s t i s , and  f o u n d  e x p e r i m e n t a l l y  t h a t  r e l a t i v e  
h u m i d i t y  d i d  n o t  c o n d i t i o n  a c t i v i t y .  I n  a s e r i e s  o f  s i m i l a r  
e x p e r i m e n t s  w i t h  A. p t y c h o p h o r a  I  hav e  e s t a b l i s h e d  t h a t  t h e  
same i s  t r u e  f o r  t h i s  s n a i l  a s  w e l l .  T h e r e f o r e  t h e  s t i m u l u s  
mus t  be t h e  a c t u a l  m o i s t u r e  o f  t h e  s u b s t r a t e  o r  some o t h e r  
c o n c u r r e n t  phenomenon .  Van d e r  S c h a l i e  and Get z  ( 1 9 62 )  
f o u n d  P o m a t i o p s i s  c i n c i n n a t i e n s i s  i n h a b i t i n g  r e g i o n s  a l o n g  
s t r e a m  b a n k s  w h e re  t h e  s o i l  m o i s t u r e  a p p r o x i m a t e d  t h e i r  p r e ­
f e r r e d  s u b s t r a t e  a s  d e t e r m i n e d  e x p e r i m e n t a l l y .
W e l l s  ( 1 9 4 3 )  d e m o n s t r a t e d  e x p e r i m e n t a l l y  t h a t  H e l i x  
p o m a t i a  t e n d s  t o  be  mo s t  a c t i v e  ( a l t h o u g h  i t  s t i l l  e x h i b i t s
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a c t i v i t y - a e s t i v a t i o n  c y c l e s )  when i t  h a s  b o t h  f o o d  and w a t e r  
p r e s e n t .  A n i m a l s  d e p r i v e d  o f  f o o d  a r e  s l u g g i s h  and t h o s e  
f r o m  wh ic h  w a t e r  was w i t h h e l d  t e n d e d  t o  a e s t i v a t e  m o r e .
These  r e s u l t s  m i g h t  h e l p  t o  e x p l a i n  my f i e l d  o b s e r v a t i o n s  
t h a t  A. p t y c h o p h o r a  a r e  more a c t i v e  when t h e  l i t t e r  i s  more 
m o i s t  t h a n  t h e  s o i l .  They f e e d  r a t h e r  e x t e n s i v e l y  on t h e  
l e a v e s  o f  t h e  l i t t e r .  I f  by  f e e d i n g  on t h e s e  when t h e y  a r e  
m o i s t  t h e y  o b t a i n  more w a t e r  ( t h e  f o o d  i s  p r o b a b l y  a l s o  
e a s i e r  t o  s c r a p e  o f f )  t h e n  t h e  p r o p e r  s t a t e  o f  body  m o i s t u r e  
and f o o d  c o n t e n t  r e q u i r e d  f o r  a c t i v i t y  c o u l d  be  m a i n t a i n e d .  
T h i s  wou l d  n o t  be t h e  c a s e  w i t h  d r y  l i t t e r .
The c o n d i t i o n s  f o r  maximum a c t i v i t y  a r e  met  when t h e  
l i t t e r  s u r f a c e  t e m p e r a t u r e  i s  a b o u t  18°C ,  and  more m o i s t  
t h a n  t h e  s o i l .  These  c o n d i t i o n s  m i g h t  o c c u r  t o g e t h e r  f r e ­
q u e n t l y  a f t e r  r a i n f a l l  o r  a t  n i g h t  o r  e a r l y  m o r n i n g .  These  
a r e  t h e  t i m e s  when numerous  a u t h o r s  h av e  r e p o r t e d  i n t e n s e  
g a s t r o p o d  a c t i v i t y .  P e r h a p s  t h e  h i g h  m o i s t u r e  c o n t e n t  o f  
t h e  l i t t e r  and t h e  r e s u l t a n t  e v a p o r a t i v e  c o o l i n g  s e r v e  t o  
k e e p  t h e  t e m p e r a t u r e  o f  t h e  l i t t e r  s u r f a c e  i n  t h e  f a v o r a b l e  
r a n g e .
One m i g h t  e x p e c t  _a p r i o r i  t o  f i n d  t h e  s n a i l s  c o n c e n ­
t r a t e d  i n  r e g i o n s  o f  h i g h  s u b s t r a t e  m o i s t u r e  i f  t h e y  do t e n d  
t o  s e l e c t  m o i s t  o v e r  d r y  s u b s t r a t e s .  T h i s  i s  n o t  e v i d e n t  
b e c a u s e  t h e  i n d i v i d u a l  s n a i l  i n d e e d  d oe s  n o t  h a v e  t h e  c h o i c e  
o f  a l l  a v a i l a b l e  s u b s t r a t e s  i n  t h e  f i e l d .  The s n a i l  i s  l i m ­
i t e d  by  i t s  s m a l l  s i z e  and  r e l a t i v e l y  s l ow  movement  t o  t h e
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m o i s t u r e s  a v a i l a b l e  i n  t h e  i m m e d i a t e  r e g i o n  wh i ch  i t  o c c u ­
p i e s *  S i n c e  t h e r e  i s  r e l a t i v e l y  l i t t l e  v a r i a b i l i t y  i n  s o i l  
and  l i t t e r  m o i s t u r e  c o n t e n t  o v e r  t h e  e n t i r e  a r e a ,  t h e  s n a i l  
i s  l i m i t e d  i n  i t s  d a y - t o - d a y  movement s  t o  e x c u r s i o n s  up  and 
down b e t w e e n  l i t t e r  and s o i l  i n  i t s  a t t e m p t s  t o  f i n d  s u i t ­
a b l e  a r e a s  f o r  a c t i v i t y .
P o p u l a t i o n  S t r u c t u r e
F o s t e r  ( 1 9 3 6 )  s t u d i e d  t h e  p o p u l a t i o n  s t r u c t u r e  o f  
P o l y g y r a  t h y r o i d e s  and f o u n d  a v e r y  s l o w  r a t e  o f  g r o w t h  i n  
i m m a tu r e  s n a i l s  i n  s p r i n g  ( l e s s  t h a n  1 mm p e r  3 m o n t h s  i n  
l e a s t  d i a m e t e r )  and a v e r y  r a p i d  r a t e  o f  g ro w t h  i n  summer 
( 7 - 8  mm p e r  3 m o n t h s ) .  The g ro w t h  r a t e  o f  A, p t y c h o p h o r a  
(2 mm p e r  mon th )  i s  g r e a t e r  and more  u n i f o r m  t h a n  t h i s ,  a l ­
t h o u g h  t h e  s n a i l s  a r e  o f  s i m i l a r  s i z e .
I n  t h i s  s t u d y  i t  a p p e a r s  t h a t  young  a r e  p r o d u c e d  
f rom May t o  A ug us t  o r  S e p t e m b e r  o f  t h e  y e a r ,  d e p e n d i n g  on 
e n v i r o n m e n t a l  c o n d i t i o n s .  These  young  may m a t u r e  l a t e  i n  
t h e i r  s e c o n d  summer o r  e a r l y  t h e i r  t h i r d  s p r i n g .  I t  a p p e a r s  
t h a t  t h e y  t h e n  l i v e  a b o u t  2 y e a r s  a s  a d u l t s .  More a d u l t s  
a p p e a r  t o  d i e  i n  t h e  s p r i n g ,  f o l l o w i n g  a r o u s a l  f r om  w i n t e r  
h i b e r n a t i o n ,  t h a n  t h e  17^ m o r t a l i t y  f o u n d  by  C a r n e y  ( 1 9 66 )  
d u r i n g  t h e  w i n t e r .  C a r n e y ’ s s n a i l s  ha d  b e e n  moved f r om  t h e  
a r e a s  w h i c h  t h e y  had  s e l e c t e d  f o r  h i b e r n a t i o n  and p l a c e d  i n  
an a r e a  w h i c h  he s e l e c t e d .  T h i s  c o u l d  h a v e  c a u s e d  i n c r e a s e d  
m o r t a l i t y .  B l i n n  ( 1 9 6 3 )  and  F o s t e r  ( 1 9 3 6 )  b o t h  commented on 
l ow w i n t e r  m o r t a l i t y ,  b a s e d  on o b s e r v a t i o n s  o f  u n t o u c h e d
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a n i m a l s .  T h i s ,  and  t h e  low m o r t a l i t y  i n d e x  o f  t h e  e a r l y  
s p r i n g  s a m p l i n g  p e r i o d  ( r e p r e s e n t i n g  w i n t e r ,  s e e  t a b l e  4)  
seem t o  s u b s t a n t i a t e  t h e  i d e a  t h a t  s p r i n g  ( A p r i l - M a y )  i s  t h e  
t i m e  o f  g r e a t e s t  m o r t a l i t y  f o r  A.  - p t y c h o p h o r a . I  hav e  a l s o  
o b s e r v e d  t h a t  i t  i s  much more d i f f i c u l t  t o  m a i n t a i n  p o p u l a ­
t i o n s  i n  t h e  l a b o r a t o r y  i n  s p r i n g  i f  t h e  a n i m a l s  a r e  f r e s h l y  
c a u g h t  f r o m  t h e  f i e l d .
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OXYGEN CONSUMPTION OF HIBERNATING, AESTIVATING,
AND ACTIVE ALLOGONA PTYCHOPHORA
I n t r o d u c t i o n
The a c c l i m a t i o n  o f  r e s p i r a t i o n  o f  m o l l u s c s  t o  v a r i ­
ous  t e m p e r a t u r e s  h a s  b e e n  s t u d i e d  i n  some d e t a i l  i n  r e c e n t  
y e a r s .  S e g a l  ( 1 9 5 9 )  d e m o n s t r a t e d  t h a t  t h e  s l u g ,  Limax 
f l a v u s , had  a h i g h e r  r a t e  o f  oxygen  c o n s u m p t i o n  a t  t e m p e r a ­
t u r e s  o f  10® and  20® when i t  h a d  b e e n  a c c l i m a t e d  t o  10® t h a n  
when i t  h ad  b e e n  a c c l i m a t e d  t o  20®C. Be r g  ( 1 9 5 2 ,  19 53 ,  1958)  
was u n a b l e  t o  d e m o n s t r a t e  t h i s  a c c l i m a t i o n  i n  v a r i o u s  a q u a t i c  
s n a i l s ,  and t h e  l i m p e t .  H i s  s t u d i e s  h a v e ,  h o w e v e r ,  b e e n  w i t h  
f i e l d - c o l l e c t e d  a n i m a l s  a t  v a r i o u s  s e a s o n s ,  w h e r e a s  S e g a l * s  
work  h a s  b e e n  m o s t l y  done  w i t h  a n i m a l s  wh ich  we re  a c c l i m a t e d  
i n  t h e  l a b o r a t o r y .  Whi l e  u n d e r t a k i n g  an e c o l o g i c a l  s t u d y  o f  
t h e  d i s p e r s i o n  and  a c t i v i t y  s t a t e s  o f  t h e  t e r r e s t r i a l  m o l ­
l u s c ,  A l l o g o n a  p t y c h o p h o r a . i t  became e v i d e n t  t h a t  t h e  a c t i v ­
i t y  s t a t e s  o f  h i b e r n a t i o n ,  a e s t i v a t i o n ,  and a c t i v i t y  m i g h t  
r e f l e c t  d i f f e r e n t  p h y s i o l o g i c a l  s t a t e s  a s i d e  f rom s i m p l e  t em ­
p e r a t u r e  a c c l i m a t i o n .  A s e r i e s  o f  oxygen  c o n s u m p t i o n  d e t e r ­
m i n a t i o n s  was made i n  an a t t e m p t  t o  d e t e r m i n e  t h i s  d i f f e r ­
e n c e  .
M a t e r i a l s  and  Me thods  
A d u l t  s n a i l s  we re  c o l l e c t e d  i n  Green oug h  P a r k ,  
M i s s o u l a ,  M o n t a n a ,  i n  t h e  f a l l  o f  1965 and m a i n t a i n e d  f o r  
t h e  w i n t e r  u n d e r  l a b o r a t o r y  c o n d i t i o n s  o f  20®C t e m p e r a t u r e
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and c o n s t a n t  l i g h t .  D u r i n g  t h i s  t i m e  t h e y  we re  k e p t  i n  
p l a s t i c  shoe  b o x e s  w i t h  m o i s t  s a n d  a s  a s u b s t r a t e  and p r o ­
v i d e d  w i t h  m o i s t e n e d  l e t t u c e  l e a v e s ,  o c c a s i o n a l  c a r r o t s ,  and 
b l a c k b o a r d  c h a l k  f o r  f o o d .
A. A c t i v e  G r o u p . A c t i v e  a n i m a l s  we re  f e d  f o r  s e v ­
e r a l  d a y s ,  r emoved  f r om  f o o d  and  p l a c e d  i n  a m o i s t  g l a s s  
c o n t a i n e r  24 h o u r s  p r i o r  t o  d e t e r m i n a t i o n s .  They were  k e p t  
a t  t e m p e r a t u r e s  o f  a p p r o x i m a t e l y  20*C u n d e r  c o n s t a n t  i l l u m i ­
n a t i o n  .
B.  A e s t i v a t i n g  G r o u p . S p e c i m e n s  o f  A. p t y c h o p h o r a  
we re  i n d u c e d  t o  a e s t i v a t e  by  b e i n g  d e s s i c a t e d  w i t h  s i l i c a  
g e l  f o r  25 d a y s ;  t h e y  h a d  f o r m e d  a e s t i v a t i o n  e p i p h r a g m s  
a f t e r  24 h o u r s  and  t h e  s i l i c a  g e l  was  e x h a u s t e d  a t  t h i s  t i m e .  
T e m p e r a t u r e  and  l i g h t  c o n d i t i o n s  we re  t h o s e  d e s c r i b e d  f o r  
a c t i v e  s n a i l s .
C.  H i b e r n a t i n g  G r o u p . These  a n i m a l s  we re  c o l l e c t e d  
on 10 Mar ch ,  1 9 6 6 .  The a m b i e n t  t e m p e r a t u r e  was 6 . 4 * 0 .  They 
we re  a l l  h i b e r n a t i n g  ( t h a t  i s ,  w i t h  a t h i c k  w h i t e  e p i p h r a g m )  
when c o l l e c t e d .  I  p l a c e d  t h e  a n i m a l s  i n  a d a r k  p a p e r  bag  
and s u p p o r t e d  t h e  bag  on a t r a y  above  an i c e  b a t h  f o r  t r a n s ­
p o r t  t o  t h e  l a b o r a t o r y ,  whe re  t h e  p a p e r  bag  w i t h  t h e  s n a i l s  
was  p l a c e d  i n  a r e f r i g e r a t o r  a t  5 * 0 * 0 .
Oxygen c o n s u m p t i o n  d e t e r m i n a t i o n s  we re  made w i t h  a 
m i c r o - S c h o l a n d e r  r e s p i r o m e t e r  s i m i l a r  t o  t h a t  d e s c r i b e d  by 
S t e e n  and I v e r s e n  ( 1 9 6 5 ) *  The a p p a r a t u s  was s u s p e n d e d  i n  a 
w a t e r  b a t h  w h i c h  m a i n t a i n e d  t e m p e r a t u r e s  o f  5 * ,  1 0 ° ,  and 
15*0 w i t h i n  0 . 2 ° .  B e c a u s e  o f  t h e  l ow r a t e  o f  oxygen  consump­
t i o n  p a r t i c u l a r l y  b y  t h e  h i b e r n a t i n g  g r o u p  a t  low t e m p e r a ­
t u r e s ,  t h r e e  i n d i v i d u a l s  we re  i n t r o d u c e d  i n t o  e a c h  chamber  
a t  a t i m e .  A c t i v e  a n i m a l s  we r e  p l a c e d  i n  t h e  chambe r  i n  
s u c h  a way t h a t  much l o c o m o t o r  a c t i v i t y  was i m p o s s i b l e .
R e a d i n g s  we re  t a k e n  o v e r  a s p a n  o f  1 h o u r  a t  5*0 and 
J  h o u r  a t  t h e  two h i g h e r  t e m p e r a t u r e s .  A l l  a n i m a l s  we re  
l e f t  a t  5*0 i n i t i a l l y  f o r  3 h o u r s .  A f t e r  t h e  1 h o u r  t r i a l ,
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t h e  t e m p e r a t u r e  was  r a i s e d  t o  10*C a t  a r a t e  o f  a b o u t  1® 
e v e r y  5 m i n u t e s *  A p e r i o d  o f  1 h o u r  was a l l o w e d  f o r  a n i m a l s  
and  g l a s s w a r e  t o  a t t a i n  t h i s  t e m p e r a t u r e  b e f o r e  t r i a l s  were  
b e g u n .  T h i s  p r o c e s s  was  r e p e a t e d  f o r  t h e  15*C t r i a l s .
T he r e  we r e  two v a r i a b l e s  n o t  c o n t r o l l e d  i n  t h e s e  e x ­
p e r i m e n t s ,  h u m i d i t y  and t e m p e r a t u r e  a c c l i m a t i o n .  Vapo r  
p r e s s u r e  b e t w e e n  t h e  2 c h am b e r s  i n  t h e  a e s t i v a t i n g  and  h i ­
b e r n a t i n g  g r o u p s  we re  k e p t  e q u a l  by  r e m o v i n g  a l l  w a t e r  and 
w a t e r  v a p o r  w i t h  D r i e r i t e  and  S i l i c a  g e l *  CO^ was a b s o r b e d  
by  d r i e d  B a r a l i m e *  Va po r  p r e s s u r e  was e q u a l i z e d  i n  t h e  a c ­
t i v e  g r o u p  by  m a i n t a i n i n g  t h e  a i r  s a t u r a t e d  w i t h  m o i s t  f i l ­
t e r  p a p e r  i n  e a c h  c h a m b e r .  CO^ was a b s o r b e d  w i t h  B a r a l i m e .  
T h u s ,  t h e  a c t i v e  a n i m a l s  we re  i n  a m o i s t  e n v i r o n m e n t  and  t h e  
a e s t i v a t i n g  and  h i b e r n a t i n g  a n i m a l s  we re  i n  a d r y  a t m o s p h e r e  
T h i s  was  n e c e s s a r y  b e c a u s e  no way c o u l d  be  f o u n d  t o  c o n s i s ­
t e n t l y  k e e p  t h e s e  s n a i l s  a c t i v e  i n  d r y  a i r  o r  h i b e r n a t i n g  
and a e s t i v a t i n g  i n  m o i s t  a i r *  Wh i l e  i m p o r t a n t  p h y s i o l o g i ­
c a l l y  p e r h a p s ,  t h i s  i s  o f  m i n o r  s i g n i f i c a n c e  e c o l o g i c a l l y .  
The s e c o n d  u n c o n t r o l l e d  v a r i a b l e  was  t h a t  o f  t e m p e r a t u r e  
a c c l i m a t i o n .  A c t i v e  and  a e s t i v a t i n g  a n i m a l s  we re  a c c l i m a t e d  
t o  l a b o r a t o r y  t e m p e r a t u r e s  w h i l e  h i b e r n a t i n g  a n i m a l s  were  
a c c l i m a t e d  t o  w i n t e r  f i e l d  t e m p e r a t u r e s  n e a r  0®C* T h i s  e f ­
f e c t  wo u l d  ha v e  t e n d e d  t o  r e v e r s e  t h e  d i f f e r e n c e s  wh ic h  were  
o b s e r v e d ,  and  so i t  c an  be  n e g l e c t e d *
R e s u l t s
As s e e n  i n  f i g .  14> oxygen  consumed by a c t i v e  a n i m a l s
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was g r e a t e r  a t  a l l  t e m p e r a t u r e s  t h a n  a e s t i v a t i n g  and h i b e r ­
n a t i n g  s n a i l s .  A e s t i v a t i n g  a n i m a l s  consumed more oxygen  a t  
5®C and 10*C t h a n  t h o s e  h i b e r n a t i n g  wh ich  we re  l o w e s t  o f  a l l  
a t  e v e r y  t e m p e r a t u r e  e x c e p t  1$*C.  At t h i s  t e m p e r a t u r e  oxy ­
gen  c o n s u m p t i o n  o f  h i b e r n a t i n g  a n i m a l s  was g r e a t e r  t h a n  t h a t  
o f  a e s t i v a t i n g  a n i m a l s .  A v e r age  Q^^s  we re  c a l c u l a t e d  f o r  
t h e  5 - 1 5 °  r a n g e .  The o f  h i b e r n a t i n g  a n i m a l s  was  h i g h e s t
o f  a l l  a t  6 .  A e s t i v a t i n g  a n i m a l s  had  t h e  l o w e s t  o f  2 .
The o f  a c t i v e  a n i m a l s  was a b o u t  3* Thus t h e  oxygen  con ­
s u m p t i o n  o f  t h e s e  s n a i l s  i s  mos t  i n d e p e n d e n t  o f  t e m p e r a t u r e  
change  when t h e  a n i m a l  i s  a e s t i v a t i n g .  H i b e r n a t i n g  a n i m a l s  
c an  be i n d u c e d  t o  i n c r e a s e  t h e i r  m e t a b o l i s m  6X f o r  a 10® i n ­
c r e a s e  i n  t e m p e r a t u r e .
D i s c u s s i o n
The r a t e s  o f  oxygen  c o n s u m p t i o n  and t h e  m e t a b o l i s m  
w h i c h  t h e y  r e f l e c t  a r e  s e e m i n g l y  a d a p t i v e  t o  t h e  e x i s t e n c e  
o f  A, p t y c h o p h o r a  u n d e r  c o n d i t i o n s  o f  s e v e r e l y  c o l d  w i n t e r s  
and r e l a t i v e l y  h o t ,  d r y  summers  i n  w e s t e r n  M o n t a n a .  T h i s  
s n a i l  u n d e r g o e s  a w i n t e r  h i b e r n a t i o n  wh ich  l a s t s  f r om O c t o ­
b e r  u n t i l  A p r i l  o f  e a c h  y e a r .  I n  a d d i t i o n ,  a e s t i v a t i o n  i s  
a s t a t e  o f t e n  f o u n d  i n  t h e  f i e l d  and  l a b o r a t o r y  w h e n ev e r  
c o n d i t i o n s  become u n f a v o r a b l e  t o  t h e  a c t i v i t y  o f  t h e  a n i m a l s .  
I t  a p p e a r s  t h a t  by  c e a s i n g  a c t i v i t y  and e n t e r i n g  a e s t i v a t i o n  
A. p t y c h o p h o r a  can  r e d u c e  t h e  r a t e  o f  i t s  body  p r o c e s s e s  and 
c o n s e r v e  t h e  e n e r g y  wh ich  i t  w o u l d  have  t o  e x p en d  i n  k e e p i n g  
i t s  b o d y  i n  o s m o t i c  e q u i l i b r i u m  i n  d r y  a t m o s p h e r e s .  I t s
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oxygen  c o n s u m p t i o n  a t  5® when h i b e r n a t i n g  i s  a b o u t  i  t h a t  a t  
t h e  same t e m p e r a t u r e  when a c t i v e .  T h i s ,  t o o ,  r e p r e s e n t s  
c o n s i d e r a b l e  e n e r g y  s a v i n g s  f o r  an a n i m a l  whose  m a j o r  f o o d  
s o u r c e s  a r e  f r o z e n  and u n a v a i l a b l e  a t  t h i s  s e a s o n .  The h i g h  
o f  h i b e r n a t i n g  a n i m a l s  wo u l d  a l l o w  them t o  r e s p o n d  r e a d ­
i l y  t o  s l i g h t  i n c r e a s e s  i n  t e m p e r a t u r e  i n  s p r i n g  f a c i l i t a t ­
i n g  a r o u s a l .
These  s n a i l s ,  t h e n ,  ha ve  an a l t e r e d  p h y s i o l o g i c a l  
s t a t e  w h i c h  a l l o w s  t hem t o  consume l e s s  oxygen  when h i b e r ­
n a t i n g  i n  a c o l d  e n v i r o n m e n t  o r  when a e s t i v a t i n g  i n  a warm 
o n e ,  t h a n  when warm and a c t i v e .  T h i s  i s  d e c i d e d l y  more a d ­
v a n t a g e o u s  i n  t h e  c l i m a t e  t o  wh ich  t h e y  a r e  e x p o s e d  t h a n  
s i m p l e  t e m p e r a t u r e  a c c l i m a t i o n ,  wh ic h  wou l d  r a i s e  t h e  l e v e l  
o f  oxygen  c o n s u m p t i o n  i n  w i n t e r  a n i m a l s *
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L i t e r a t u r e  C i t e d
B e r g ,  K, 1 9 5 2 .  On t h e  ox yg en  c o n s u m p t i o n  o f  A n c y l i d a e  ( G a s ­
t r o p o d a )  f r o m  an e c o l o g i c a l  p o i n t  o f  v i e w .  Hydr o -  
b i o l o g i c a  4 : 2 2 5 - 2 6 7 .
B e r g ,  K. 1953* The p r o b l e m  o f  r e s p i r a t o r y  a c c l i m a t i z a t i o n
i l l u s t r a t e d  by  e x p e r i m e n t s  w i t h  A n c y l u s  f l u v i a t i l i s  
( G a s t r o p o d a ) .  H y d r o b i o l o g i c a  5 : 3 3 1 - 3 5 0 ,
B e r g ,  K. ,  and K. W. Oc k e l m an n .  1958* The r e s p i r a t i o n  o f  
f r e s h w a t e r  s n a i l s .  J .  Exp .  B i o l .  3 6 : 6 9 0 - 7 0 8 .
S e g a l ,  E .  1 9 5 9 .  R e s p i r a t i o n  and t e m p e r a t u r e  a c c l i m a t i o n  i n  
s l u g s .  A n a t .  R e c o r d .  1 3 4 : 6 3 6 .
S t e e n ,  J .  B . ,  and 0 .  I v e r s o n .  19 65 .  M o d e r n i z e d  S c h o l a n d e r  
r e s p i r o m e t e r  f o r  s m a l l  a q u a t i c  a n i m a l s .  A c t a  





P l o t  Number 1 2 3 4
Date  o f  C e n s u s 23 Mar . 23 Mar . 23 Mar . 23 Mar .
Time 1 0 :30am 1 1 : 15am 1 2 :00am 1:00pm
T e m p e r a t u r e  (®C)
1) 40 cm 1 . 6 2 .2 $ . 9 4 . 1
2 )  10 cm 0 . 9 3 . 1 6 . 1 2 . 3
3) l i t t e r  s u r f a c e 2 . 4 - 1 0 . 1 2 . 1
4 ) s u b - l i t t e r 2 . 1 1 . 3 6 . 4 - 0 . 1
5) s o i l 1 . 2 1 . 3 3 . 8 -
R e l a t i v e  H u m i d i t y  (%) - - - -
pH 8 . 0 7 . 5 8 , 0 -
S o i l  M o i s t u r e  (%) 113 69 108 f r o z e n
L i t t e r  M o i s t u r e  (%) 247 138 169 f r o z e n
Depth  o f  L i t t e r  (cm) 4 . 0 3 . 5 4 . 0 f r o z e n
Dominant  V e g e t a t i o n 1 0 0 0
Emply S h e l l s 7 3 55
A d u l t 1 1 31 -
Im m a tu r e 6 2 24 -
L ive  S n a i l s 2 2 25
A d u l t 1 1 16 -
A c t i v e 0 0 0 -
A e s t i v a t i n g 0 0 4 -
H i b e r n a t i n g 1 1 12 —
Im m a tu re 1 1 9 —
A c t i v e 0 0 0
A e s t i v a t i n g 0 0 2 -
H i b e r n a t i n g 1 1 7 -
M o r t a l i t y  I n d e x
A d u l t 50 50 66 -
Imma tu r e 86 67 73
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P l o t ________________ 6___________ 8___________ 2__________ 10_________ 12
Da te  24 Mar .  24 Mar .  24 Mar .  29 Mar .  30 Mar .
Time 2 : 3 0 p  2 s 0 0 p  3 : 0 0 p  7 s 0 0 p  1 1 : 0 0 a
Temp.
1) 1 2 . 3  1 1 . 6  1 1 . 9  1 0 . 9  1 4 . 7
2)  1 1 . 1  1 1 . 5  1 1 . 1  9 . 7  1 7 . 0
3)  7 . 3  1 2 . 0  8 . 5  8 . 1  2 3 . 2
4)  1 . 5  8 . 1  5 . 6  7 . 7  1 1 . 3
5) 2 . 2  6 . 0  4 . 1  6 . 7  7 . 3
R » H # •“ — — — —
pH 7 . 0  8 . 0  8 . 0  7 . 0  7 . 0
SeM. 45 88 80 65 133
LeM, 180 111 156 -  46
D.L,  1 -  2 . 5  2 . 5  6 . 0
Dom.Veg.  0 0 1 0  0
S h e l l s  0 16 59 15 10
A d u l t  0 10 56 14 9
Imm. 0 6 3 1 1
S n a i l s  0 6 13 5 5
A d u l t  0 4 10 5 2
A c t .  0 0 0 0 0
A e s t .  0 0 0 0 0
H i b .  0 4 10 5 2
Imm. 0 2 3 0 3
A c t .  0 0 0 0 0
A e s t  0 0 1 0 0
H i b . 0 2 2 0 3
M o r t . I n d e x
A d u l t  -  71 85 74 82
1mm. -  75 50 100 25
36
P l o t 13 - 1-4____ 15 _ - 16 17
Date 8 A p r i l 30 Mar . 30 Mar . 31 Mar . 31 Mar .
Time 2 : 0 0 p 1 0 : 0 0 a 1 0 : 3 0 a 9 : 0 0 a 8 :3 0a
Temp.
1) 1 9 . 1 8 . 5 1 1 . 4 1 3 . 5 1 0 . 9
2) 1 9 . 2 8 . 5 1 3 . 0 1 3 . 2 1 0 . 4
3 ) 1 9 . 6 7 . 3 2 0 . 5 1 3 . 1 9 . 8
4 ) 1 1 . 1 4 . 4 6 . 5 7 . 2 6 . 8
5) 1 0 . 5 3 . 5 5 . 1 5 . 9 6 . 1
R.H. 32 - - - -
pH 7 . 5 7 . 0 8 . 0 7 . 5 7 . 5
S .M. 84 94 57 80 78
L.M. 14 170 66 69 64
D 0 L « 1 . 5 2 . 0 2 . 5 3 . 5 3 . 0
Dom.Veg. 1 0 0 0 0
S h e l l s 3 3 26 12 1
A d u l t 3 2 23 12 0
Imm. 0 1 3 0 1
S n a i l s 13 1 2 25 2
A d u l t 7 0 0 15 2
A c t . 2 0 0 5 0
A e s t . 4 0 0 0 0
H ib . 1 0 0 10 2
Imm. 6 1 2 10 0
A c t . 6 0 0 7 0
Ae s t . 0 0 2 0 0
Hib . 0 1 0 3 0
M o r t . I n d e x
A d u l t 30 100 100 44 0
Imm. 0 50 60 0 100
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P l o t 18 20 22 . 24 25
Date 31 Mar . 5 A p r i l 5 A p r i l 8 A p r i l 30 Mar .
Time 8 : 0 0 a 3 : l O p 3 : 5 0 p 2 : 4 5 p 1 1 : 4 5 a
Temp.
1) 1 0 . 6 1 7 . 9 1 8 . 4 1 8 . 2 1 4 . 2
2 ) 1 0 . 0 1 7 . 5 1 8 . 4 1 8 . 0 1 4 . 5
3) 9 . 8 1 7 . 5 1 6 . 1 1 8 . 2 1 8 . 7
4) 8 . 7 9 . 6 8 . 5 1 2 . 5 8 . 7
5) 7 . 6 7 . 3 7 . 3 6 . 4 7 . 1
R.H. - - - 30 -
pH 7 . 5 7 . 5 7 . 5 7 . 0 8 . 0
S «M. 54 82 77 70 93
L.M. 55 17 18 21 68
D.L. 4 . 5 3 . 5 5 . 5 1 . 5 2 .0
Dom.Veg. - - Oi 1 -
S h e l l s 5 10 5 5 5
A d u l t 3 6 2 4 3
Imm. 2 4 3 1 2
S n a i l s 3 7 14 5 6
A d u l t 2 5 2 3 1
A c t . 1 0 0 2 0
A e s t . 0 2 0 0 1
H i b . 1 3 2 1 0
Imm. 1 2 12 2 5
A c t . 1 2 6 2 0
Ae s t  • 0 0 5 0 4
H i b . 0 0 1 0 1
M o r t . I n d e x
A d u l t 60 55 50 57 75
Imm. 67 67 20 33 29
38
P l o t 26 27 28 31 30
Date 8 A p r i l 8 A p r i l 12 A p r i l 16 A p r i l 18 A p r i l
Time 3 : 4 5 p 3 : 2 0 p l : 3 0 p 1 1 : 3 0 a 2 ; 0 0 p
Temp.
1) 1 8 . 9 2 0 . 9 1 3 . 2 1 0 . 9 3 . 4
2) 1 8 . 9 2 0 . 6 1 1 . 8 1 1 . 0 3 . 3
3) 1 9 . 0 2 1 . 5 1 3 . 4 1 1 . 3 10 .5
4) 1 1 . 0 1 1 . 4 9 . 5 1 0 . 8 1 0 .5
5) 9 . 9 7 . 9 7 . 1 1 0 . 1 1 0 .5
R.H. 23 32 60 60 33
pH 7 . 0 7 . 0 7 . 5 7 . 5 7 . 5
S.M. 60 106 142 115 73
L.M. 18 26 48 106 51
D.L. 3 . 0 5 . 0 9 . 5 5 . 5 1 . 5
Dom.Veg. 0 0 1 2 2
S h e l l s 0 6 31 0 72
A d u l t 0 5 11 0 58
1mm. 0 1 20 0 14
S n a i l s 0 4 57 5 5
A d u l t 0 2 39 4 3
Act  • 0 1 39 4 0
Ae s t  • 0 1 0 0 3
H i b . 0 0 0 0 0
Imm. 0 2 18 1 2
A c t . 0 0 18 1 0
A e s t . 0 2 0 0 2
H i b . 0 0 0 0 0
M o r t . I n d e x
A d u l t — 71 22 0 95
Imm. 33 53 0 87
39
P l o t 33 _ 29 _ 32 _ 34 35
Date 18 A p r i l 20 A p r i l 20 A p r i l 21 A p r i l 21 A p r i l
Time 2 : 4 5 p l : 4 5 p 2 : 2 0 p 9 : 1 0 a 9 : 4 0 a
Temp,
1) 3 . 4 1 0 . 8 1 0 . 8 1 0 . 2 1 0 . 6
2) 3 . 4 1 1 . 5 1 0 . 8 1 0 . 3 1 0 . 5
3) 1 0 , 4 1 3 . 4 1 3 . 0 1 0 . 6 1 0 . 9
4) 1 0 . 5 1 0 . 7 1 0 . 4 1 0 . 3 1 0 . 7
5) 1 0 , 4 1 0 . 2 1 0 . 2 1 0 . 2 1 0 . 3
R,H. 23 31 36 84 85
pH 7 . 5 7 . 5 6 . 5 7 . 5 8 . 0
S.M. 96 79 57 75 91
L.M. 15 24 20 120 163
D.L. 3 . 5 3 . 5 2 . 0 2 . 5 3 . 0
Dom.Veg. 0 0 3 2 4
S h e l l s 1 4 4 8 43
A d u l t 1 4 4 5 39
Imm. 0 0 0 3 4
S n a i l s 2 0 4 1 22
A d u l t 2 0 4 1 11
A c t . 0 0 0 0 6
A e s t . 2 0 4 1 5
H i b . 0 0 0 0 0
Imm. 0 0 0 0 11
Ac t  • 0 0 0 0 10
A e s t  • 0 0 0 0 1
H i b . 0 0 0 0 0
M o r t . I n d e x
A d u l t 33 100 50 83 78
Imm. 100 27
AO
P l o t 36 37 38 39 40
Date 28 A p r i l 28 A p r i l 3 May 3 May 3 May
Time 9 : 5 5 a 9 : 3 0 a 2 : 0 5 p l : 3 0 p 2 : 3 0 p
Temp.
1 3 . 1 4 . 5 3 1 . 9 2 9 . 8 3 0 . 6
2) 3 . 5 5 . 0 3 0 . 8 2 8 . 8 2 9 . 9
3) 4 . 5 8 . 9 2 9 . 9 2 9 . 8 2 8 . 9
4) 2 . 4 7 . 2 1 8 . 7 2 5 . 1 1 8 . 8
5) 1 0 . 8 6 . 9 1 4 . 4 1 4 . 8 1 6 . 1
R.H. 83 85 - - -
pH 8 . 0 7 . 5 8 . 0 7 . 5 7 . 5
S.M. 131 54 88 71 98
L.M. 278 177 14 23 12
D.L. 3 . 5 1 . 5 3 . 0 3 . 5 3 . 0
Dom.Veg. - - 0 - 0
S h e l l s 4 0 1 5 20
A d u l t 2 0 1 4 15
Imm. 2 0 0 1 5
S n a i l s 15 0 1 4 5
A d u l t 4 0 1 1 3
A c t . 4 0 0 0 0
A e s t  • 0 0 1 1 3
H i b . 0 0 0 0 0
Imm. 11 0 0 3 2
A c t . 11 0 0 3 1
Ae s t . 0 0 0 0 1
H i b . 0 0 0 0 0
M o r t . I n d e x
A d u l t 33 - 50 80 83
Imm. 15 25 71
41
P l o t 42 - 43 44 __ 45 46
Date 4 May 4 May 5 May 5 May 5 May
Time 2 : 3 0 p 3 : 1 0 p 2 : 2 0 p 2 : 5 0 p 3 : 4 5 p
Temp*
1) 2 9 . 4 2 8 . 0 2 7 . 9 2 8 . 0 3 2 . 3
2) 3 0 . 2 2 7 . 8 2 7 . 6 2 6 . 7 3 1 . 2
3) 3 5 . 0 2 7 . 2 2 6 . 7 2 5 . 3 2 5 . 1
4) 1 6 . 3 1 8 . 0 1 7 . 1 1 7 . 0 2 0 . 1
5) 1 3 . 4 1 6 . 1 1 2 . 0 1 4 . 5 1 7 . 3
R.H. 19 18 28 40 30
pH 7 . 0 8 . 0 8 . 0 6 . 5 7 . 5
S.M. 62 54 58 36 73
L.M. 10 15 15 8 10
D.L. 3 . 0 1 . 5 3 . 5 2 . 0 1 .5
Dom.Veg. 5 3 3 3 4
S h e l l s 16 6 6 20 37
A d u l t 10 5 3 3 20
Imm. 6 1 3 17 17
S n a i l s 2 4 2 17 19
A d u l t 0 3 1 1 3
Ac t  • 0 0 0 1 1
A e s t  • 0 3 1 0 2
H i b . 0 0 0 0 0
Imm. 2 1 1 16 16
A c t . 2 1 0 16 16
Ae s t . 0 0 1 0 0
H i b . 0 0 0 0 0
M o r t . I n d e x
A d u l t 100 63 75 75 84
Imm • 75 50 75 52 52
42
P l o t 47 48 49 . 50 51
Date 9 May 9 May 9 May 11 May 11 May
Time 2 : 0 5 p 2 : 5 0 p 3 : 40p 2 : 1 5 p 3 ; 0 0 p
Temp.
1) 2 3 . 8 2 2 . 9 2 2 . 0 1 3 . 7 1 3 .5
2) 2 2 . 5 2 2 . 5 2 2 . 1 1 3 . 9 1 2 . 8
3 ) 2 4 . 2 2 2 . 6 2 0 . 6 1 3 . 0 1 2 . 8
4) 1 8 . 2 1 9 . 3 1 7 . 0 1 2 . 9 1 1 . 6
5) 1 4 . 4 1 3 . 1 1 6 . 1 1 2 .5 1 2 . 8
R.H. 49 45 45 52 50
pH 7 . 5 7 . 5 7 . 5 7 . 0 7 . 0
S.M. 44 98 61 68 60
L.M. 20 17 21 75 55
D.L. 1 . 5 5 . 0 0 . 5 0 . 5 1 . 5
Dom.Veg. 3 - 3 4 4
S h e l l s 7 6 23 43 28
A d u l t 5 2 6 33 24
1mm. 2 4 17 10 4
S n a i l s 3 7 4 26 21
A d u l t 0 3 0 10 14
A c t . 0 0 0 10 14
A e s t . 0 3 0 0 0
H i b . 0 0 0 0 0
Imm. 3 7 4 16 7
Act  • 3 5 4 16 7
A e s t  • 0 2 0 0 0
H i b . 0 0 0 0 0
M o r t . I n d e x
A d u l t 100 40 100 77 63
Imm. 40 36 81 38 36
43
P l o t 52 53 54 _^ 5 56
Date 12 May 12 May 15 May 15 May 17 May
Time 2 : 4 0 p 3 : 3 0 p 2 : 5 5 p 3%55p 2 ; 4 5 p
Temp.
1) 1 3 . 5 1 5 . 0 1 3 . 8 1 2 . 1 1 3 . 7
2) 1 3 . 4 1 5 . 0 1 3 . 0 1 3 . 0 1 2 . 7
3) 1 4 . 2 1 3 . 2 1 3 . 2 1 3 . 4 1 2 . 7
4) 9 . 8 1 0 . 6 1 1 . 5 1 1 . 4
5) 8 . 8 1 0 . 1 9 . 8 9 . 8
R.H. 39 48 45 41 70
pH 7 . 5 7 . 0 7 . 0 6 . 5 7 . 5
S.M. 51 109 67 27 48
L.M. 35 29 82 66 100
D.L. 2 . 0 3 . 5 2 . 5 3 . 0 2 . 5
Dom.Veg. 0 - - 2 -
S h e l l s 10 13 4 31 9
A d u l t 7 10 1 19 2
Imm. 3 3 3 12 7
S n a i l s 2 0 6 9 21
A d u l t 1 0 2 6 1
A c t . 0 0 2 6 1
A e s t . 1 0 0 0 0
H i b . 0 0 0 0 0
Imm. 1 0 4 3 20
A c t . I 0 4 3 20
Ae s t  • 0 0 0 0 0
H i b . 0 0 0 0 0
M o r t . I n d e x
A d u l t 88 100 33 76 67
Imm. 75 100 43 80 26
A4
P l o t _ 3 7  _ 58 59 60 61
Da te 19 May 23 May 23 May 24 May 24 May
Time 3 : 0 5 p l : 4 5 p 3 : 0 5 p l : 4 5 p 3 : 2 0 p
Temp*
1) 1 9 . 9 2 3 . 6 1 8 . 5 2 0 . 6 2 0 . 8
2 ) 1 8 . 8 2 6 . 3 1 4 . 4 1 8 . 2 1 9 . 9
3) 1 8 . 3 2 6 . 1 1 2 . 0 1 7 . 6 1 8 . 3
4) 1 7 . 6 2 0 . 6 1 0 . 4 1 2 . 3 1 5 . 0
5) 1 1 . 8 2 5 . 1 1 0 . 4 1 0 . 9 1 1 . 0
R.H. 62 29 56 45 51
pH 7 . 5 7 . 0 7 . 5 7 . 5 8 . 0
S.M. 60 35 49 42 55
L.M. 71 18 73 38 28
D.L . 1 . 0 0 . 5 0 . 5 0 . 5 5 . 0
Dom.Veg. 4 4 4 4 2
S h e l l s 67 34 8 42 3
A d u l t 49 32 8 30 3
Imm. 18 2 0 12 0
S n a i l s 59 41 24 39 1
A d u l t 33 5 17 15 0
Ac t  • 30 0 15 4 0
A e s t . 3 5 2 11 0
H i b . 0 0 0 0 0
Imm. 26 36 7 24 1
Ac t  • 26 14 6 11 0
A e s t  • 0 22 1 13 1
H i b . 0 0 0 0 0
Mor t  . I n d e x
A d u l t 60 86 32 67 100
Imm. 41 5 0 33 0
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P l o t 62 63 64 65 66
D a t e 25 May 25 May 26 May 26 May 26 May
Time l : 0 0 p 1 : 40 p 2 ; 2 5 p 3 : 1 5 p 3 : 4 5 p
Temp.
1) 2 5 . 0 3 0 . 1 2 8 . 5 2 6 . 6 2 6 . 8
2) 2 4 . 5 2 9 . 1 2 5 . 1 2 5 . 1 2 6 . 6
3 ) 2 3 . 5 2 8 . 6 2 3 . 8 2 0 . 9 2 5 . 5
4) 2 1 . 0 1 9 . 5 2 1 . 1 1 7 . 7 1 7 . 4
5) 1 3 . 9 1 1 . 2 1 3 . 0 1 4 . 9 1 6 . 8
R.H. 29 36 45 56 36
pH 6 . 5 7 . 5 7 . 5 7 . 0 7 . 0
S.M. 9 48 31 31 4
L.M. 10 21 18 18 11
D.L . 1 . 5 3 . 0 1 . 5 1 . 0 3 . 0
Dom.Veg. 4 4 4 1 5
S h e l l s 4 32 40 10 2
A d u l t 1 17 8 5 1
Imm. 3 15 32 5 1
S n a i l s 2 116 10 0 2
A d u l t 1 60 1 0 0
Act  • 0 3 0 0 0
A e s t  • 1 57 1 0 0
H i b . 0 0 0 0 0
Imm. 1 56 9 0 2
Act  « 0 12 1 0 0
Ae s t . 1 44 8 0 2
H i b . 0 0 0 0 0
M o r t . I n d e x
A d u l t 25 22 89 100 100
Imm. 50 21 78 100 33
46
P l o t 67 68 69 70 71
Date 1 J un e 1 June 6 Ju ne 6 Ju ne 6 June
Time 2 : 2 5 p 3 : 2 0 p 1 ; 30p 2 : 1 5 p 3 : 0 0 p
Temp.
1) 2 1 . 2 2 0 . 9 1 9 . 9 2 3 . 2 1 8 . 4
2) 1 9 . 3 1 9 . 8 1 9 . 6 2 3 . 6 1 6 . 6
3) 16 .3 1 9 . 0 1 5 . 4 1 9 . 3 1 4 . 1
4) 1 6 . 0 1 5 . 9 1 1 . 5 1 6 . 6 1 2 . 1
5) 1 3 . 1 1 4 . 5 1 1 . 0 1 3 . 0 1 0 . 4
R.H. 69 50 52 51 76
pH 6 . 5 7 . 5 7 . 5 6 . 5 6 . 5
S.M. 41 50 40 28 60
L.M. 65 50 137 126 215
D.L . 2 . 5 1 . 5 1 . 0 3 . 0 0 . 5
Dom.Veg. - 4 1 5 3
S h e l l s 5 32 25 2 2
A d u l t 4 24 12 1 1
I  mm. 1 8 13 1 1
S n a i l s 4 16 11 1 3
A d u l t 3 8 2 0 2
A c t . 3 8 2 0 2
A e s t . 0 0 0 0 0
H i b . 0 0 0 0 0
I  mm. 1 8 9 1 1
A c t . 1 7 9 1 1
A e s t . 0 1 0 0 0
H i b . 0 0 0 0 0
M o r t . I n d e x
A d u l t 57 75 86 100 33
Imm. 50 50 59 50 50
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P l o t 72 73 74 75 76
Da te 21 Ju n e 21 June 23 J une 23 J u ne 23 June
Time 2 : 1 5p 3 : 2 0 p 2 : 2 5 p 3 : 2 5 p 4 ; 00p
Temp.
1) 1 8 . 7 1 6 . 4 1 5 . 6 1 6 . 4 1 5 . 1
2) 1 7 . 6 1 6 . 8 1 5 . 0 1 5 . 1 1 4 . 6
3) 1 7 . 6 1 5 . 4 1 4 . 8 1 3 . 8 1 4 . 3
4) 1 4 . 4 1 4 . 4 1 3 . 4 1 4 . 1 1 3 . 9
5) 1 3 . 5 1 3 . 6 1 2 . 6 12 .3 1 2 . 6
R.H. 78 83 72 83 88
pH 7 . 5 7 . 5 7 . 5 6 . 5 7 . 5
S.M. 78 61 22 46 61
L.M. 123 128 102 123 184
D.L . 1 . 5 2 . 5 4 . 5 2 . 5 5 . 0
Dom.Veg. 4 3 2 4 3
S h e l l s 26 5 1 23 3
A d u l t 23 4 1 13 2
Imm. 3 1 0 10 1
S n a i l s 47 7 11 3 5
A d u l t 39 5 7 1 3
A c t . 39 5 7 1 3
A e s t . 0 0 0 0 0
H i b . 0 0 0 0 0
Imm. 8 2 4 2 2
A c t . 8 2 4 1 2
A e s t . 0 0 0 1 0
H i b . 0 0 0 0 0
M o r t . I n d e x
A d u l t 37 44 13 93 40
Imm. 27 33 0 83 33
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P l o t 77 78 79 80 81
Da te 25 J u n e 25 Ju ne 28 J u n e 28 Ju ne 28 June
Time 2 :0 5p 2 :50p 1 ; 40p 2 : 2 0 p 4 :00p
Temp,
l ) 1 7 . 8 1 7 . 3 2 6 . 6 2 9 . 7 2 3 . 8
2) 1 7 . 7 1 6 . 9 2 5 . 5 3 1 . 3 2 3 . 1
3) 1 5 . 5 1 5 . 7 2 5 . 0 2 9 . 4 2 0 . 2
4) 1 3 . 9 1 2 . 7 1 7 . 0 1 8 . 1 1 9 . 2
5) 1 1 . 2 1 2 .2 1 4 . 4 1 7 . 2 1 6 . 9
R.H. 49 54 63 36 64
pH 8 . 0 8 . 0 7 . 5 7 . 5 7 . 5
S.M. 48 55 44 35 56
L.M, 17 11 38 20 69
D.L. 3 . 5 1 . 5 3 . 0 1 . 0 0
Dom.Veg * 1 - 1 5 4
S h e l l s 4 9 2 9 3
A d u l t 2 6 1 1 2
Imm. 2 3 1 8 1
S n a i l s 16 3 2 16 10
A d u l t 10 1 0 1 6
A c t , 9 1 0 1 5
Ae s t  • 1 0 0 0 1
H i b . 0 0 0 0 0
Imm. 6 2 2 15 4
A c t . 6 2 1 15 4
A e s t  • 0 0 1 0 0
H i b . 0 0 0 0 0
M o r t . I n d e x
A d u l t 17 86 100 50 25
Imm. 25 60 33 35 20
4 9
P l o t 82 83 84 85 86
Da te 30 Ju n e 30 June 30 June 30 June 1 J u l y
Time l : 2 5 p 2 : 1 5 p 3 :2 0p 4 : 3 0 p 2 : 3 5 p
Temp.
1) 2 3 . 7 2 0 . 9 2 1 . 5 2 1 . 0 2 1 . 1
2) 2 1 . 1 2 0 . 5 2 0 . 4 2 0 . 3 1 9 . 9
3) 2 0 . 2 2 0 , 5 1 6 . 3 1 8 . 8 1 7 . 3
4) 1 7 . 2 1 8 . 7 1 4 . 5 1 7 . 7 1 6 . 2
5) 1 5 . 6 1 5 . 9 1 3 . 9 1 4 . 3 1 3 . 5
R.H. 60 64 67 64 85
pH 7 . 0 7 . 0 7 . 0 7 . 5 8 . 0
S.M. 21 18 31 30 58
L.M. 111 146 86 43 121
D.L. 1 . 5 5 . 0 1 . 0 1 . 0 0 . 5
Dom.Veg. 5 1 4 3 4
S h e l l s 31 3 7 21 21
A d u l t 15 3 4 5 18
Imm. 16 0 3 16 3
S n a i l s 33 1 22 1 12
A d u l t 20 0 15 1 9
A c t . 20 0 15 1 9
A e s t . 0 0 0 0 0
H i b . 0 0 0 0 0
Imm. 13 1 7 0 3
A c t . 13 1 7 0 3
A e s t . 0 0 0 0 0
H i b . 0 0 0 0 0
M o r t . I n d e x
A d u l t 43 100 21 83 67
Imm. 55 0 30 100 50
50
P l o t 87 88 89 90 91
Da te 1 J u l y 4 J u l y 4 J u l y 5 J u l y 5 J u l y
Time 3 s40p 1 2 : 4 5 p l : 1 5 p 2 ; 4 5p 3 ; 3 0 p
Temp •
1) 2 3 . 1 1 8 . 1 1 7 . 8 2 5 . 6 2 2 . 8
2) 2 2 . 9 1 8 . 0 1 5 . 4 2 3 . 4 2 2 . 5
3) 2 0 . 7 1 7 . 1 1 5 . 4 2 2 . 4 2 2 . 2
4) 1 8 . 6 1 5 . 1 1 4 . 5 2 0 . 0 1 8 . 8
5) 1 3 . 8 1 2 . 4 1 2 . 4 1 5 . 5 1 5 . 5
R .H. 66 67 78 74 68
pH 6 . 5 7 . 5 8 . 0 7 . 5 7 . 5
S .M, 67 36 80 29 26
L.M. 98 158 142 80 106
D.L . 3 . 0 5 . 0 2 . 0 1 . 0 4 . 0
Dom.Veg. 3 0 3 4 2
S h e l l s 3 15 5 6 22
A d u l t 2 3 1 5 5
Imm. 1 12 4 1 17
S n a i l s 12 0 0 21 73
A d u l t 3 0 0 15 14
Act  • 3 0 0 15 13
A e s t  • 0 0 0 0 1
H i b . 0 0 0 0 0
Imm. 9 0 0 6 59
Act  • 9 0 0 6 59
A e s t . 0 0 0 0 0
H i b . 0 0 0 0 0
M o r t . I n d e x
A d u l t 40 100 100 25 26
Imm. 10 100 100 14 22
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P l o t _________________ 22_____________22____________ 94   95
Da te  8 J u l y  8 J u l y  9 J u l y  9 J u l y
Time 2 s 3 0 p  3 s 5 0 p  1 1 : 4 0 a  1 2 : 0 5 a
Temp.
1)  2 5 . 8  2 4 . 7  2 3 . 8  2 2 . 5
2)  2 5 . 3  2 4 . 0  2 2 . 7  2 1 . 8
3 )  2 5 . 1  2 3 . 3  2 1 . 9  2 1 . 4
4)  2 0 . 6  2 0 . 7  1 7 . 1  2 0 . 0
5) 1 8 . 0  1 7 . 5  1 4 . 5  1 8 . 1
R . H .  61 71 73 67
pH 7 . 5  7 . 0  7 . 0  7 . 5
S.M.  57 50 19 36
L.M. 26 24 29 32
D.L .  1 . 5  0 . 5  1 0 . 0  0 . 5
Dom.Veg.  4 4 5 3
S h e l l s  6 5 1 6
A d u l t  5 4 1 6
Imm. 1 1 0  0
S n a i l s  20 18 0 0
Adul t  8 6 0 0
Ac t .  1 5  0 0
Ae s t .  7 1 0 0
H ib .  0 0 0 0
Imm. 12 12 0 0
Act . 6 4 0 0  
A e s t .  6 8 0 0
H ib .  0 0 0 0
M o rt . I n d e x
A d u lt  38 40  100 100
I mm. 8 8 — —
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APPENDIX C
TABLES, FIGURES, AND PLATES
T a b l e  1 .  A v e r a g e  number  o f  A. p t y c h o p h o r a  p e r  m e t e r  
i n  r e g i o n s  o f  v a r i o u s  pH.
53
2
pH Mean D e n s i t y  ± S . D .  m „( p e r  m e t e r 2 )  ^ Va lue
6 . 5 6 . 1  i 5 . 4
t = l o 2 6  ( p > . 9 0 )
7 . 0 9 . 6  i 1 2 . 5
t = 2 , 5 9  (p  > . 9 9 )
7 . 5 l 6 .8  ± 2 4 . 0
t = 2 . 2 9  (p  > . 9 7 5 )
8 . 0 8 . 2  ± 1 2 . 2
T a b l e  2 . L o c a t i o n s and d a t e s  o f  c a p t u r e s  and
r e c a p t u r e s o f  ma rked  s n a i l s .
S n a i  1 O r i g i n a l C a p t u r e  R e - c a p t u r e
N umber P l o t  No. Date  P l o t  No.  Date
273 60 24 May 57 5 J u l y
87 28 12 A p r i l  63 25 May
118 28 12 A p r i l  63 25 May
92 28 12 A p r i l  63 1 June
80 28 12 A p r i l  63 6 Ju ne
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T a b l e  3* P e r c e n t a g e s  o f  a d u l t s  and i m m a t u r e s  i n  t h e  
p o p u l a t i o n  i n  e a c h  o f  t h e  t i m e  p e r i o d s .
P e r i o d A d u lt Immature T o t a l# % T
E a r l y  s p r i n g 116 5 9 . 5 79 4 0 . 5 195
M id - s p r i n g 74 4 2 . 5 100 5 7 . 5 174
Late s p r i n g 154 4 3 . 1 203 5 6 . 9 357
E a r ly  summer 162 4 8 . 2 174 5 1 . 8 336
T a b l e  4» M o r t a l i t y  i n d i c e s  f o r  a d u l t s  and i m m a t u r e s  
i n  e a c h  o f  t h e  t i m e  p e r i o d s .
Pe r i o d A d u l t s Immature s
E a r l y  s p r i n g  
M id - s p r i n g  
L ate  s p r i n g  
E a r l y  summer
6 0 . 0
7 1 . 9
6 7 . 1
5 7 . 8
5 2 . 0
5 4 . 5  
4 2 . 7
3 8 . 5
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F i g u r e  1 .  L o c a t i o n s  o f  n u m b e r e d  p l o t s .  The a r e a  v i t h i n  t h e  
s t i p p l e d  b o r d e r  i s  t h e  r e g i o n  o f  t h e  s t u d y .  The 
s t u d y  a r e a  shown i s  l o c a t e d  i n  t h e  n o r t h e a s t  c o r ­
n e r  o f  G r e e n o u g h  P a r k ,  M i s s o u l a ,  M o n t a n a .  The 
a r r o w s  i n d i c a t e  d i s t a n c e s  a n d  d i r e c t i o n s  t r a v e l e d  
b y  r e c a p t u r e d  a n i m a l s  ( s e e  t a b l e  2 ) .
R o t f l e s n a k e  C r e e k
p i c n i c  
orea
I N D E X  M A P  O F  P L O T S
100 feet  1
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F ig u re  2* D i s t r i b u t i o n s  o f  t e m p e r a t u r e s  i n  t h e  g r a d i e n t  f o r
p r e f e r r e d  te m pe ra t ur e  d e t e r m i n a t i o n s .  X^s i n d i ­
c a t e  p o s i t i o n s  o f  th e r m o m e te r s .
5B
4 0  r
30
LU




2 6 10 14 18 22
X X X
P O S I T I O N  I N C H A M B E R  (in. )
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F i g u r e  3* D i s t r i b u t i o n s  o f  d e n s i t i e s  i n  e a r l y  s p r i n g
( 2 3  M a r c h - 1 2  A p r i l ,  1 9 6 6 ) .  D e n s i t y  c o n t o u r s
w e r e  p l o t t e d  b y  c o n n e c t i n g  a r e a s  o f  s i m i l a r
d e n s i t y  w i t h o u t  i n c l u s i o n  o f  a n y  u n l i k e  d e n ­
s i t y .
R a t t l e s n a k e  C r e e k
p i cn i c
A D U L T  D E N S I T Y
2 6 +
1 6 - 2 5




Fig ure  4* D i s t r i b u t i o n s  o f  d e n s i t i e s  i n  m i d - s p r i n g
(13 A p r i l - 1 2  May, 1 9 6 6 ) .
R a t t l e s n a k e  C r e e
p i c n i c
A D U L T  D E N S I T Y
16 - 2  5 
6 - 1 5
M I D - S P R I N G
>00 fee t  
k -----------------------   I
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F ig u re  5* D i s t r i b u t i o n  o f  d e n s i t i e s  i n  l a t e  s p r i n g
(13 May-12 June ,  1 9 6 6 ) .
K a t t i e s n o K e  C r e e k
p a t h
ooo
pi c n i c
A D U L T  D E N S I T Y
1 6 - 2 5  
.V .1 6 - 1 5
-  5
L A T E  S P R I N G
100 fe e t H ------ 4
6 5
F i g u r e  6 .  D i s t r i b u t i o n s  o f  d e n s i t i e s  i n  e a r l y  summer
(1 3  J u n e - 1 2  J u l y ,  1 9 6 6 ) .
R a t t l e s n a k e  C r e e k
w
picnic x::Xx
a r e a A D U L T  D E N S I T Y
E A RLY S U M M E R
100 f ee t
ONON
6 7
F i g u r e  ? .  E a r l y  s p r i n g  (23  M a r c h - 1 2  A p r i l ) .  C r o s s - h a t c h e d  
a r e a s  r e p r e s e n t  c o n t o u r s  o f  p l o t s  i n  w h i c h  t h e  
a d u l t  m o r t a l i t y  i n d e x  w a s  l e s s  t h a n  50 ( t h e  a l i v e  
a d u l t  s n a i l s  o u t n u m b e r e d  t h e  e m p t y  s h e l l s ) .
R a t t l e s n a k e  C r e e k
OO O q O
p a t h
O o o
p i cn i c
a r e a
E A R L Y  S P R I N G




F i g u r e  8 .  M i d - s p r i n g  ( 13  A p r i l - 12 M a y ) .  C r o s s - h a t c h e d
a r e a s  r e p r e s e n t  c o n t o u r s  o f  p l o t s  i n  w h i c h  t h e  
a d u l t  m o r t a l i t y  i n d e x  i s  l e s s  t h a n  50 ( t h e  a l i v e  
a d u l t  s n a i l s  o u t n u m b e r  t h e  e m p t y  s h e l l s ) .
R a t t i e s n o k e  C r e e k
Oo
OOO
p a t h
OOO
O o o




100 f ee t
o
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F i g u r e  9* L a t e  s p r i n g  ( 13  M a y - 12 J u n e ,  1 9 6 6 ) .  C r o s s -  
h a t c h e d  a r e a s  r e p r e s e n t  c o n t o u r s  o f  p l o t s  i n  
w h i c h  t h e  a d u l t  m o r t a l i t y  i n d e x  i s  l e s s  t h a n  50 
( t h e  a l i v e  a d u l t  s n a i l s  o u t n u m b e r  t h e  e m p t y  
s h e l l s ) •
R a t t l e s n a k e  C r e e k
ooo OO
p a t h
OOO
O o o
p i cn i c
qOjo r e a
L A T E  S P R I N Gtoo fee t
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F i g u r e  10* E a r l y  summer (13  J u n e - 1 2  J u l y ) *  C r o s s - h a t c h e d
a r e a s  r e p r e s e n t  c o n t o u r s  o f  p l o t s  i n  w h i c h  t h e
a d u l t  m o r t a l i t y  i n d e x  i s  l e s s  t h a n  $0 ( t h e
a l i v e  a d u l t  s n a i l s  o u t n u m b e r  t h e  e m p t y  s h e l l s ) *
R a t t l e s n a k e  C r e e k
p i c n i c  
area
E ARL Y S U M M E R
100 feet 
> ■  «
7 5
F i g u r e  1 1 .  D i s t r i b u t i o n s  o f  a c t i v i t y  s t a t e s  i n  a d u l t s  a n d  
i m m a t u r e  ^ . p t y c h o p h o r a  a n d  t e m p e r a t u r e  m e a s u r e  
m e n t s  i n  t h e  5 s t r a t a .  P r e f e r r e d  t e m p e r a t u r e  
( T p )  a s  d e t e r m i n e d  i n  t h e  l a b o r a t o r y  i s  s h a d e d .  
On p l o t  63 t h e  55 i m m a t u r e  s n a i l s  e x t e n d  i n t o  
t h e  c o l u m n  o f  a d u l t  a n i m a l s .  Of t h e s e  55 * 44  
a r e  a e s t i v a t i n g  a n d  12  a r e  a c t i v e .  T h e r e  w e r e  
57  a e s t i v a t i n g  a d u l t s  a s  i n d i c a t e d  b y  t h e  t o p  
o f  t h e  c o l u m n .  P l o t  91  c o n t a i n e d  59 a c t i v e  
i m m a t u r e s  a n d  14  a d u l t s  ( l  a e s t i v a t i n g ,  13 
a c t i v e ) •
  __ litter surface




a c tiv e  
ACTIVITY
20-0
K) 12 13 W  15 25 16 17 18 20 22 2 3 26 27 28 31 30 , 33 29 32 34 35 36 37 38 39 40 42 43 44 45 46 47 48 49 50 51 52 53 54 55
76
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95
7 7
F i g u r e  1 2 .  F r e q u e n c i e s  o f  s e l e c t i o n  o f  v a r i o u s  t e m p e r a t u r e s  
by  A.  p t y c h o p h o r a  i n  p r e f e r r e d  t e m p e r a t u r e  d e ­
t e r m i n a t i o n s .  X i s  t h e  m e a n ,  o r  p r e f e r r e d  t e m ­














F i g u r e  13* F r e q u e n c i e s  o f  g r e a t e s t  d i a m e t e r s  o f  p t y c h o ­
p h o r a  i n  e a c h  o f  t h e  f o u r  p e r i o d s .
I  i s  e a r l y  s p r i n g  ( 2 3  M a r c h - 1 2  A p r i l ,  1 9 6 6 )  
I I  i s  m i d - s p r i n g  ( 1 3  A p r i l - 1 2  May,  1 9 6 6 )
I I I  i s  l a t e  s p r i n g  ( 1 3  Ma y -1 2  J u n e ,  1 9 6 6 )















D IA M ET E R  (mm.)
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F i g u r e  14* Oxygen c o n s u m p t i o n  o f  h i b e r n a t i n g  * a e s t i v a t i n g ^  
























5 15T E M P E R A T U R E  (®C)
OXYGEN CONSUMPTION OF HIBERNATING,  AESTIVATING,  
a n d  a c t i v e  ALLOGONA PTYCHOPHORA
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P l a t e  1* P h o t o g r a p h s  o f  f a v o r a b l e  and  u n f a v o r a b l e  h a b i t a t *
a* U n f a v o r a b l e  h a b i t a t  ( d e n s i t y  o f  A* p t y c h o p h o r a  
0-5/m2). “
b .  F a v o r a b l e  h a b i t a t  ( d e n s i t y  >  5 / m ^ ) .  The p l a n t  
w i t h  l a r g e  l e a v e s  i s  H e r a c l e u m  l a n a t u m , cow 
p a r s n i p *
I
8 5
P l a t e  2 .  P h o t o g r a p h s  o f  A l l o g o n a  p t y c h o p h o r a  i n  f i e l d .
a .  S n a l s  c l i m b i n g  t h e  s t a l k  o f  H. l a n a t u m . O f t e n  
t h e  s n a i l s  w i l l  b e  f o u n d  a e s t i v a t i n g  a t  t h e  
same h e i g h t  abov e  g r o u n d  i n  t h e  m o r n i n g .
b .  S n a i l  f o r a g i n g  on l e a f  o f  H. l a n a t u m .
c .  S n a i l s  f o r a g i n g  on  l e a f  l i t t e r .
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D a i n t o n ,  B a r b a r a  H. 1954 # The a c t i v i t y  o f  s l u g s  1 .  The i n ­
d u c t i o n  o f  a c t i v i t y  by c h a n g i n g  t e m p e r a t u r e s .  J o u r .  
Exp .  B i o l .  3 1 ( 2 )  : 1 6 5 - 1 8 7 .
D e e v e y ,  Edward  S .  1 9 4 7 .  L i f e  t a b l e s  f o r  n a t u r a l  p o p u l a t i o n s  
o f  a n i m a l s .  Q u a r t .  Rev .  B i o l .  2 2 : 2 8 3 - 3 1 4 »
E d e l s t a m ,  C a r l  and C a r i n a  P a l m e r .  1 9 5 0 .  Homing b e h a v i o r  i n  
G a s t r o p o d s .  O ik os  2 ( 2 ) : 2 5 9 - 2 7 0 .
F o s t e r ,  T.  D. 1 9 3 6 .  The b i o l o g y  o f  t h e  l a n d  s n a i l ,  P o l y g y r a  
t h y r o i d u s . u n p u b l .  Ph . D .  t h e s i s  a t  U n i v e r s i t y  o f  
I l l i n o i s •
G e t z ,  L.  L.  1 95 9 .  N o t e s  on t h e  e c o l o g y  o f  t h e  s l u g s ,  A r i o n
c i r c u m s c r i p t u s . D e r o c e r o s  r e t i c u l a t u s . and ^ . l a e v e . 
Am. M i d i .  N a t .  6 1 : 4 8 5 - 4 9 8 .
K r u l l ,  W e n d e l l  H. and  C o r t l a n d  R.  Mapes .  19 5 2 .  S t u d i e s  on 
t h e  b i o l o g y  o f  D i c r o c o e l i u m  d e n d r i t i c u m  ( R u d o l p h ! , 
1819 )  L o o s ,  189'9 ( T r e m a t o d a : D i c r o c o e l i i d a e  ) ,  i n c l u d ­
i n g  i t s  r e l a t i o n  t o  t h e  i n t e r m e d i a t e  h o s t ,  C i o n e l l a  
l u b r i c a  ( M u l l e r )  V I .  O b s e r v a t i o n s  on t h e  l i f e  c y c l e  
and  b i o l o g y  o f  _C. l u b r i  c a . C o r n e l l  V e t .  4 2 ( 4 )  "464-  
4 8 9 .
L e e ,  C.  B r u c e .  1 9 5 2 .  E c o l o g i c a l  a s p e c t s  o f  S t e n o t r e m a  
h i r s u t u m  i n  t h e  r e g i o n  o f  Ann A r b o r ,  M i c h i g a n .
Amer.  M i d i .  N a t .  4 7 ( l ) : 5 5 - 6 0 .
P i l s b r y ,  Hen ry  A. 1 9 3 9 .  Land M o l l u s c  a o f  N o r t h  A m e r i c a .
The Academy o f  N a t u r a l  S c i e n c e s  o f  P h i l a d e l p h i a .
S t r a n d i n e ,  E .  J .  1 9 4 4 .  A q u a n t i t a t i v e  s t u d y  o f  a s n a i l  popu ­
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b u t i o n  and n a t u r a l  h i s t o r y  o f  t h e  s n a i l  P o m a t i o p s i s  
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